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CHAPTER 1 

1 N T R O D Ii C T 1 O N 

1.1 - General Considerations 

The purpose of this document is to present a study on 	a 

ground station to receive in Brazil the infornation transmitted by satel-

lites of the ERTS series,thefirst of which will be launched by NASA in June 

1972. 

According to the final docunent subrnitted to NASA by Gen-

eral Electric (fim contracted by NASA to do the study of the ERTS pro-

gram), the sateilite and its recording system has a life span of one year 

and one thousand hours of operation, respectiveiy. Taking into 	account 

that the data obtained by ERTS are of great usefuiness for many countries, 

one might estimate that the one thousand hours of operation forecast for 

tfle wide-band tape recorder will be attained within approximately 6nunths 

after the satellite iauching. So that the information destined to Brazil 

is not interrupted, it should receive it directly froni the sateilite 

through a ground station. As the station installed in the Brazilian 

territory could receive real time data covering many other South Aznerican 

countries, the Brazilian government with NASA concurrency may eventuaily 

contact the governments of those countries to verify if they are interest  

ed in participating in the program. 

With such a station, Brazil could have at its disposal 

the necessary means to monitor in a repetitive way the resources of 	its 

territory. At any given day we couId have information in image form 	and 

digital magnetic tapes froin the most remate and farthest points of 	the 

national territory. These data could be provided to ali the 	Brazilian 

agencies, private or not, which are linked to Carthography and Surveying 
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and/or Exploration of natural resources. 

Brazil 's participation in the ERTS Program ãnd in future 

prograins on natural resource sateilites would make it possibie: 

- To develop a map on the use of the Brazilian sou; 

- To classify per areas the geologicai characteristics of 

the Brazilian soU; 

- To develop an agricultural map for Brazil; 

- To develop a map of the Brazilian forest reserves; 

- To reduce losses in the agricuiture through fast ident 

ification of plaque infestation; 

- To plan the distribution of the yearly production to 

the whole Brazil through estimating of the crops per 

area; 

- To increase the production through the determination of 

soil characteristics and water reserve control; 

- To plan in a better way the rural and urban development; 

- To identify geological features, such as faults, folds, 

lithology, etc.; 

- To monitor dynamic phenomena such as sedimentation,coast 

al changes, erosion, crop growing, water reserves, levei, 

etc.; 

- To evaluate the development at the constructing of big 

highways such as those under construction in the Asnazon 

region; 

- To coliect data at fixed stations in remote paints 	af 

the Brazilian territory, such as: levei of the waters of 

lakes, reservoirs and dams; soil humidity, surface tesap-

erature; ocean saiinity; ocean currents; atinospheric pai 

iution; direction and velocity of the winds, etc.; 

- To make an inventory of the water sources; 

- To identify, monitor and evaluate the atmosphere and 

water poiiution; 

- To increase the fisfl production through the iocaiization 

of the cold sea currents, of areas bioiogically rich and 
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of ideal temperature conditions for fishlng; 

- To plan in a better way sea voyages through sea condi-

tions detected; 

- To detect big navigation disasters; 

- To make cartography surveying of the whole Brazilian 

territory; 

- To make surveying of cloud coverages; 

- To provide surveying of cioud coverages; 

- To provide inforination with deinographic inferences,etc.; 

- To better pian the occupation of areas, such as Miazon 

region, and fiscalize such an occupation so as to make 

it rational, without major modification of its ecologic 

ai equilibrium. 

1.2 - The Brazilian Environnient and the Imagery coiiected 

by Satellite 

A way to take advantage of an ininense region like the in-

terior of Brazii, an area of 6 miilion square kilometers with a popula - 

tionai density of only 2 inhabitants per square kilometer, would be to 

develop in li activities compatibie with its vastness and low popuiation 

density. These activities could initially be restricted to points of lim 

ited areas where emphasis could be put on the exploration of local natir 

ai resources. The sateilite capability to cover extensive areas of the 

Eartfl Surface in a short time and with reiatively moderate expenses suit 

the necessity for ampie initiai surveying of these remate areas. 	This 

basic surveying, in its turn, will make possibie the concentration 	of 

later surveys with airplane or conventional methods of surface in reiativ 

ely smali areas. 

In relation to intermediary regions, between the central 

areas and the coast, also vast with about 2.5 million square kilometers 

but, in contrast, with a population density of 35 inhabitants per square 
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kilorneter, the use of sensors in airplanes, flying at high altitudes or 

on orbital platforrn, besides aliowing the finding of new sources of nat-

ural resources ar additional exploration of existing productive source, 

will certainly be useful in the econosnical exploration and control 	of 

the agriculture and forests on a regional level. The necessities of cur 

rent infonuation about the use of the earth and about the growing 	and 

condition of plants present an almost unlimited demand for data collect-

ed by reinote sensing Data collected froni orbital altitudes have a 

special meaning for a country where extensive agriculture is predoininant 

and the forests are in general huge. The data collected for specialists 

in agriculture and silviculture will probably be of equal importance for 

geographers and planners interested in ample regional developments. 

On the other hand, there are at present in Brazil,organized 

efforts to solve the probletns of economic development of ininense regions 

with extremely different characteristics such as the hurnid Ainazonic Basin 

and the dry Northeast. 

An exrple of the application of data on soils, collected 

by satellite, would be that of help in the changing of existing conditions 

in the campos cerrados", found in an area of about 1.5 million of square 

quilometers in Central Brazil and inabove mentioned interinediary region. 

The research has shown that the probletn is essentially of high acidity of 

the sou, what can be minimized through the addition of dolojnitic calcar-

eous and fertilizers. Along the extensive Brazilian Coast with more than 

7 thousand kilometers, the data collected from orbital altitudes could 

delineate tetuperature contrasts which characterize the configurations of 

the Brazil current, on South and East Coast, and of Falklands currents 

(Malvinas) which reach the shores of extreme South during the Winter. 

Besides being important to the navigation, this inforniation presents cor-

relation to the movement to sea biological coninunities and therefore to 

comercial fishing. 
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1.3 - Systematic Survey of Natural Resources and the 

Images of Satellites 

With surveys in 5 height leveis as described later we 

couid present a generic program which would permit to execute fast and 

economi cal ly: 

- regional mapping, and 

- selective mappings of more promising areas 

for the devei opment of a determined region. 

In this program, iinks of a dependency have been established, 

with increasing details, where it is presumed that a levei of detection may 

serve as truth" for the preceding fligher levei besides bringing a contribu 

tion of new information. 

This approach results in a filtering system which besides 

maklng it possible to seiect more promising areas in each levei af survey, 

would lead to a process for fast reduction of areas, where the evaivation 

or interpretation of data on larger areas would permit a rapld eiimination 

of the parts of these areas that would show iess potential. 

In order to better locate the probiem some information items 

on the collecting vebicle and the type and format of the data produced are 

then shown. 

1.3.1 - Levei for Orbital Survey (Highest Levei) 

1.3.1.1 - ERTS Sateliltes 

lhe first Earth Resources Technoiogy Sateliite, known as 

ERTS-A, .entioned previouslywill be iaunched by NASA in June 1972.Further 

infonnation about it and its sensing and recording equipments wili be pre-

sented in this report. 
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1.3.1.2 - SKYLAB 

In addltion to the sateilites of the ERTS genes, NASA 

will launch in 1973 an experimental space station, wlth a crew of three 

people, known as MSKYL.AB WORKSHOPM. This spacecraft wili orblt at altitudes 

of 435 km (235 nautical miles), with an inclination of 500  and will rotate 

crews during three periods, the first of 28 days and tfle second and third 

of 56 days. In a total period o? 8 months, 5 months will, practicaliy,have 

manned operation. 

Besides a great inany scientific experiments, observations 

of the Earth are progranned for this project. As the Brazilian territory 

will be entirely covered by orbits of 500  of inclination in relation to 

the Equator, these observations will be particularly lnteresting to Brazil. 

The sensing equipments of the Orbital station are described 

In the Appendix A. 

Brazil, through INPE, proposed to NASA to participate in 

such program. 

1.3.2 e  Alrcraft Survey Levei at High Altitude 

To give an example of thls leve] we take the case of the 

Miazon Region where a CARAVEILE, of "LASA Engenharia e Prospecç6es S.A."; 

flylng ata speed of 700 kn/hour (380 knots) and at an altitude of 11.000 

to 12.000 meters (36,000 te 40,000 feet) above the ground, is utilized 

for acqulsltion of radar irnagery and photographic data. The Side Looking 

Radar (SLAR) utiIlzing synthetic aperture, type Good-Year mcdii 102, presents 

spatlal resolution better than 20 meters in ali points of the imaqes. It 

works in X  band (3 cm of wavelength). 

Ali the flights, controlled by a inertial navigation system, 

are performed along lines in the orientation N-S, making a lateral scanning 

of 37 km width, with adjacent scaanings overlap of 30%. The presentation of 

the results is being perfonned in mosaics of 10  x 1.5° , in the scale of 

1:250.000. 
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The geographicai linking of the lines of flight has been 

obtalned through the use of SHORAN sations with detennined geographtc 

coordinates by observation of sateilites with a Transit ground station 

operated by LASA and AEROSERV ICES. 

Besldes the radar, a rnetric camera ZEISS is being utilized 

with a super-big-angular lens, provided with false-color infrared fiim.Its 

fieid of view permits overlapping with radar irnages. 

The photos are being taken with 60% of longitudinal over-

lapping and small lateral overlapping and are presented in film format 

23 x 23 cm (9 x 9 inches), in a scale of 1:130,000. 

Simultaneously with the photos of the metric carnera, multi-

spectral photos in black and white have been obtained with a 1 25 camera of 

four lenses. The scale is af 1:73,000 with four inages displayed on every 

flim frame of 23 cm. The coverage is therefore partia] , almost 25% of the 

total. 

1.3.3 - Aircraft Survey Levei at Medium Altitude 

In the thjrd levei, which wouid be an aeriai reconnaissance 

on regional scale, performed at thls time at medium altitudes, it wouid be 

sought to conciltate the employment of geophyslcal sensors, considered today 

as a baslc reguirement for the geologlcal reconnaissance of great areas, 

such as muitispectral aeriaI photographies, in scales of current use among 

the photo-lnterpreters interested in the additionai disciplines. 

the flight altitude in this survey, which might be qualified 

as a transition, wouid be between 9,000 to 11,000 feet above the gPound 

(3,000 m nominal) with fiight lines spaced 5 km, cut by transversal lhes 

each 25 km. 
To contrai fiight lines and their geographic positioning, 

inertial ar doppler navigation systems are used. 

It is appropriate to say that the utilization of othersensors 

such as electromagnetometers, therrnal imagers, spectrometers of gama ar 

mercury radiation, due to the fact that their maximum altitudes of aerial 

1 
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use are very 10w and, therefore, are incompatible with that specified to 

this stage. 

The two preceding stages, where we wouid seek to take ad-

vantage of sensors susceptible of being appiied in large scale areas, 

wouid be complemented by the one just outlined, in which a survey of 

transition from regional to local is suggested. This survey, in accept-

able conditions of performance, time and cost, would give data whose 

nature and degree of definition would perrnit more selective studies. The 

information obtained through these surveys would certainly make possible 

not only the basic mapping but also the choise of more promising areas 

which would be the targets of the conventional detailed surveys mentioned 

next. 

This selection would be obviously facilitated by a study of 

existing information about the region and by the consideration of the data 

colIected during the visual aerial reconnaissance, forecasted also for 

this stage. 

The set of accumulated data in the thirdstage would serve as 

the "truth" for the preceding higher leveis of reconnaissance. 

1.3.4 - Aerial Detailing Levei at Medium and 

Low Altitude 

The services for detaiied surveying of the areas selected as 

more promising in the preceding stage wouid require a specific planning for 

each case. However, certain steps seem to be indispensabie. It is inciuded, 

in this case, a preiiminary measure which aims at eliminating the natural 

uncertainties of interpretative processes: a short trip for reconnaissance 

/ of the ground, to the areas, qualified as promising. Probably, the data of 

greater interest to be obtained in loco would be geochemicai ones. Distances 

and difficulties to reach the areas would be factors considered in the 

7 priority ciassification of the areas considered as promising. 

/ 
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Initiafly, at this levei the utilization of the foliowing 

sensors in combined system would be consldered. 

- Irnagers (thermal in the vislble in the ultraviolet,etc.); 

- Magnetometers; 

- El ectromagnetometers; 

- Mercury Spectronieters; 

- Gama radiation Spectrometers. 

Ali these sensors should be used in flights at low altitude. 

The plotting of the data collected would be in scale of photomosaics obtain 

ed by aerial photographic coverage in scales more convenient to cartographic 

needs of each target-area. 

In the sarne way as in the third stage, the flights wouTd 

continue to be utilized for visual observation. Once again this level wouid 

serve as Ntruthtl  for the preceding levels by a re-evaluation of the arcas 

qualified as promising and would pennit a final selection of those which 

wouid deserve Um studies of the next stage. 

1.3.5 - Ground 

Aithough the surveys at thts levei are quaiified as "ground 

truth", the work which would be done in it should also have an exploratõry 

feature. The sites chosen should be considered as advanced bases for relat-

ively proionged operation and even as eventual poles of development of the 

arca. 

Considering these conditions, bigger investznents in the deve! 

opnient of the chosen arcas would be justified. Such a deveiopment shouid in-

ciude, for exasnpie, the building of ianding fields and other material re-

sources which, besides allowing a longer pennanence of Um personnel at the 

place, would pennit the efficient execution of the field works. 

In a more critical forín than in the preceding stage, the re-

search on the ground to be perfonTled in these arcas shouid be object of 

careful specific planning 
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CHAPTER 2 

E R T S SYSTEtI 

The contrai and conservatlon af the natural resources of 

the earth is vital to the future of mankind. An attempt for such contrai 

and conservation will be done through the ERTS Program (Earth Resources 

Technology Satelilte), under NASA responsibility. 

The ERTS-A will be the first of a serie of sateilites 

aiming at providing the first data about the natural and cultural 

resources o? tfle Earth collected by a systematic way and will be launched 

in June 1972. This sateilite wlth a forecasted iifetirne of one year, wili 

have a quasi polar circular, sun-synchronous orbit, so that each point 

of the earth surface be repeated covered each 18 days always at the sarne 

time. 

The ERTS satellite will carry a Multispectral Scanner 

System (MSS), Return Beam Vidicon (RBV), Wide Band Tape Recorders (WBTR), 

and a Data Coliection System (DCS) for the acqulsition of data from earth 

based Data Coliection Platforns (OCP). The satellite's payload wili 

include, In additlon to the two senslng systems, equiprnent to transmit 

outputs from the sensor plus inforinatlon about housekeeping and tfle status 

of the spacecraft. The sateilite will transmlt synchronization and 

calibratlon signais along wlth the vldeo signais. 

The data orlglnated by the P455 and RBV, the DCS signais, 

the tracking signals and the infomation on the operating status of the 

systen wili be transffiltted to ground in the S-band frequency range. On 

the ground such data wili be received, recorded and transformed later 

in photographic iniages and digital tapes for direct access to the 

computer (CCT - Computer Compatible Tapes). 

The ERTS Program is the precursor o? the EROS Program 

which conprises sateilites for observation o? Earth Resources (EOS) and which 



should be lrnplemented by NASA In the second haif of the thls decade. 

2.1 - Sensors 

lhe spectral band covered by the two types of sensors (RBV 

and MSS) has been chosen wlth great care and with tbe heip of severa] user 

agencies o? the ERTS Program. 

The television carreras (RBV) have been designed for the 

foliowing spectral bands: 

0.475 - 0.575 microns (blue-green); 

0.580 - 0.680 nicrons (orange-red); 

0.690 - 0.830 microns (red). 

The lower band, 0.475 - 0.575 microns,will alIow the study, 

for example, of areas where the water predominates. lhe upper band, 

0.690 - 0.830 microns, centered more or less in 0..750 microns (peak of 

radiation for cfllorophyl1) will ailow the study of areas covered by green 

vegetation. lhe upper limit of 0.830 microns represents the limit response 

of the televislon system. The Information of the infrared is iocated above 

this limit, also required by the users of ERTS; to provide this infornation 

and to also cover the sarne band of the television system, the ntiltispectral 

scanner (MSS) was specified. lhe 1455 provides infonaation in the 

foi lowing bands: 

0.500 - 0!600 microns (green to orange); 

0.600 - 0.700 microns (orange to red); 

0.700 - 0.800 microns (red to teor infrared); 

0.900 - 1.100 microns (near infrared). 

The three flrst bands are 1v, the visibie spectruin 

and the Iast one In the near lnfrared. In each band there are six photo-

detectors. A simpie scanning of the mirror of the multispectral. 
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scanner will provide information about a strip of 100 nautical miles 

for ali the 24 photodetectors. Table 2.1 shows the main characteristics 

of the two sensors (RBV and 1455) and of wide band tape recorder (WBVTR) 

of the satelilte. 

The resolution or definition of the resulting multispectral 

Irnages of the two types of sensors are from 60 to 130 meters, but it has 

been forecasted that some objects of srnaller dirnensions can be discovered 

and recognized. The images will have scale of about 1:1.000.000 and may 

be transforrned, on the ground, In black and whlte photographs for each 

sensor spectral band. Thus, for each area of 100 x 100 nautical niiles there 

will be seven images. The several images may be composed so as to provide 

color or false color Images. 

The second Earth Resources Technoloqy Sateilite, ERTS-B, 

will have essentlaily the sarne speclflcatlons of the ERTS-A, except for 

the addltlon of an extra spectral band in the niultispectral scanner (10.4 

to 12.6 microns - thennal lnfrared). 



Table 2.1 - Multispectral Sensors (RU and 1155) and Recorder (WBVTR) 

Characteristi cs. 

RBV Camera Subsystem 

Chancteriztic Cimera No. 1 	Carnera No. 2 Cameta No. 3 

Spectral Sandwidth (nanometers) 475.575 	580-680 690-830 
Resolution (a maximwn acene highllght concrast) 4500 TVL 	4500 TV]. 3400 TYI, 
Edge Resolution (percentage ofcenter) 80 	80 80 
Signai-to-Noise Raio (a 20 TVL.) 33 d 	33 d 25 dB 
Dynamic Range 	 . 501 	50:1 50:1 
Cray Scale ( 	tnnsmission steps) lO 	lO 8 
Horizontal Scan Rate (Iines/sec) 1250 	1250 1250 
Nuznbcr of Scan Unes 4200 	4200 4200 
Readout Time (seconda) 3.5 	3.5 3.5 
Video Bandwidth (MHz) 3.5 	33 13 
rame Between Picture Seta (seconds) 25 	25 25 
Exposure Time (miliiseconds) 8,12 or ló 	8,12 or 16 8,120116 
lmageDistortion(maximum) • l% 	1% 1% 
Deflection Skew (maximum). +03% 	'0.5% +0.5% 
Size and Centenng Shift (maximum) é 2% 	* 2% é 2% 

- 	Multispectral Scanner Subaystem 

Spectral Bandwidth (niiaons) Channel 1 	0.5 to 0.6 
Chanuei 2 	0.6 to 0.7 
Qiannel3 	0.7to0.8 

- channel4 	0.8 to 1.1 
Channel 5 	. 	10.4 to 12.6 (ERTS 8 only) 

Scanning ObJect Plane 
Scan Rate 13.6 Hz 
ScanEfflciency 50% 
DetectorsfaandjScan (Channels 1 thzu 4) 6 
instantancous Field o! View 260 ít x 260 ít 
Multipiexer Output 25 Mbps PCM 

Wideband Video Tape Recorder/Reproducer 

Scanning Principie Transverse Scan 
Video Processing Technique P14 
Tape Width 21n. 
Tape Length 2000 ft 
Recotd Time 30 minutes 
Rewind Speed 4 limes record speed 
High Speed Forwaid 4 limes record speed 
Bandwidth 	 . DC to 3.5 MHz (-6 dB), DC to 6MHz 
Signal-to-Noise Ratio 42 d p-p/rms @ 2.5 MHz, 8W 

Transient Response Approx 5% - (ovenhoot) 

Uneaiity * 3% 
Drift é 5% input tu output 
Switching Transienta Below peak-to-peak noise 

Nnd Wheel Start Power Approx 250 watts peak decTeasing to 
average power in 4 scconds 

13. 
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2.2 - The Orbit 

The satellite orbit is circular, quasi polar, sun 

synchronous and keeps a constant Inclination o? 99.088 degrees. Whith 

this orbit, the sateilite sensors will always scan the sarne area with 

the sarne solar lilinination, making it simpler te detect changes in 

vegetation and leveis of water. The sateilite will cover 100 nautical 

mile wide strip, returning to scan the sarne area at the sarne local time, 

each 18 days. The equipment controihing the attitude of the sateilite 

detect position errors so that the satelhite can be positioned correctly 

wlth errors inferior to 0.7 degrees in relation to the three axes o? 

position. 

The orbital paraineters o? the ERIS are adjusted so that 

the adjacent strips have sidelap o? 10% on each side in the absence of 

any attltude error. 

The ERTS orbit has a semi-major axis o? 7,300 km and an 

approximate perlod o? 103 minutes. The geographical longitude of 

subsequerit passages o? the ERTS under the Equator shifts by 25.8167 

degrees towards West. Coverage of adjacent bands occur each 14 revolutions 

and are separated in longitude o? 1.4338 degees, i.e, 160 km at the 

Equator. At the end o? 18 days or concluslon o? 251 revolutions the period 

of coverage is cornpleted. 

Table 2.2 shows some nominal orbital parameters. 



Table 2.2 - Nominal Orbital Parameters 

Orbital Parameters Nominal Orblt 

Altitude 492.35 nn (912 km) 

Inclination 99.088 degrees 

Period 6196.015 sec (103 mm) 

Eccentrlclty 0.0001 

Local time when the satellite 

crosses the Equator 

descendlng 09:30 h 

Duration of the cycle 

o? coverage 18 days (251 revolutions) 

Distance between adjacent 

ground tracks at Equator 86.028 em (160 km) 
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CHAPTER 3 

E R T S 	L INKS 

The frequency assignments and bandwidths for 	the 

ERTS-A and B are as foliows: 

Link 1: USB - Uplink for comand 

RF carrier: 2106.4 MHz 

Bandwidth; 3.6 MHz 

Modulation: PCM/FSK - FM/PM 

Link 2: MSS - Downlink (MSS Data) 

RF carrier: 2229.5 MHz 

RF bandwidth: 20 MHz 

Modulation: PCM/FSK 

Bit rate: 15 rnb/sec 

Link 3: RU - Downlink (RBV Data 

RF carrier: 2265.5 MHz 

Video bandwidth: 3.5 MHz 

RF bandwidth: 20 MHz 

Modulation: Video/FM 

Link 4: USB - Downhink (narrowband data) 

RF carrier: 2287.5 MHz 

Bandwidth: 5 MHz 

Modulation: PM 

16. 
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Link 5: VElE - Downlink (telemetry data) 

RF carrier: 137.86 MHz 

Bandwidth: 90 KHz emergency; 30 1KHz normal 

ModuIation: PCM/PM 

Link 6: DCS - Data coliection uplink 

RF carrier: 401.9 MHz 

Bandwidth: 100 KHz 

Modul ation: PCM/FSK 

Link 7: VHF - Iiplink for comand 

RF carrier: 154.2 MHz 

Bandwidth: 30 KHz 

Modulation: PCM/FSK - AM/AM 

For the reception and processing of ERTS imagery only links 

2,3, and 4 are relevant. Link 5 provides a back-up for telemetry data also 

transmitted by link 4. Brazil's station may eventually receive these data 

also via link S. Link 6 is used to transmit data from ground platforms to 

the sateilite (DCS system). Links 1 and 7 are required to conrand and coa 

trol the satelilte and sensor interrogation; the Brazilian station will not 

need equipments for these links since NASA could prograru the sateilite for 

Brazi li an coverage. 

3.1 - Wideband llnks (RBV and MSS) 

Tfle main characteristics of these two links are surmiarized 

In table 3.1. 
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Table 3.1 - Wideband Links 

MSS 	 RU 

Center frequency 	 2229.5 MHz 	 2265.5 ftIz 

RF bandwidth 	 20 MHz 	 20 MHz 

Transmitter power 	 20* watts 	 2ô* watts 

Modulation 	 PCM/FSK 	 Video/FM 

* Comutabie power of 10 or 20 watts 

3.2 - USB downlink 

This link is capable of transrnitting ali narrowband data 

plus PRN signal. 

The general specifications are the foliowing: 

Carrier frequenc,y: 2287.5 MHz ± 0.0015%, non coherent rnode. 

240/221 times tJSB uplink carrier frequency, coherent mode. 

Modulation: Phase moduiation 

RF bandwidth: 5 MHz 

It is necessary to transmit simuitaneously the foiiowing 

signais on the Usa downiink carrier: 

1 - DCS signai 

2 - Real time PCM teiemetry 

3 - Stored PO4 telemetry 

The stored PCM telemetry signal normally transmitted is the 

	

one recorded by the sateilite narrowband tape recorder (NBTR). In 	case 

these tape recorders fati , the signal to be transmitted is the one recorded 

on the auxiliary channeis of the wideband tape recorders (WBVTR). A des 

cription of the rnain characteristics of each signal foliows. 
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DCS signal 

Signal description: frequency inodulated sine wave 

Bandwidth: 100 KHz centered in the frequency of 1024 KRz 

Real time PCFI telemetry 

Signal description: PCM split-phase 

Bit rate: 1 kilobit/sec. 

Detection error probability: less than 10 6  

Stored PCM telernetry signal 

Sinal description: PCM split-phase 

Bit rate: 24 kilobit/sec when the signal is recorded in the NBTR, ar 

1 kilobit/sec. when the signal is recorded in the WBVTR. 

Detection error probability: less than 10 6  

In order to transmit the three signals simultaneously on 

the USE downlink carrier it is necessary to use severa] subcarriers. The 

subcarriers used are the following: 

Subcarrier 	 Subcarrier inodulation type 

1024 KHz 
	

PCTI/FSK/PM 

768 1KHz 
	

PCM/PSK/PM 

597 KHz 
	

PCM/PSK/FII 

3.3 - VHF downlink 

This link is used to transmit either the real time PCM 

telemetry signal ar the stored PCM telemetry signal. This link provides 

a back-up for the USB downlink. 

The general characteristics of this link are the followinq: 

- Center frequency af transmission: 137.86 MHz 

- Channel bandwidth: 30 1Khz, in real time 

90 1Khz, stored 
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The description of each signal foliows: 

Real time PCM telemetry signal. 

Signal description: PCM split-phase 

Bit rate: 1 kilobit/sec. 

Detection error probability: less than 10 -6 
 

Stored PCM telemetry signal 

Signal description: PCM split-phase 

Bit rate: 24 kilobit/sec. or 1 kilobit/sec. 

3.4 - USB uplink 

In this link the following signals are transmitted: 

- Pseudo randon-noise (PRN) ranging signals 

- Comand signal 

The general characteristics are the foliowing: 

- Carrier frequency 2106.4 MHz 

- Carrier modulation: phase 

- Information bandwidth: 1.5 MHz 

- Comand subcarrier frequency: 70 KHz 

3.5 - VHF uplink 

In this link the sarne signals of comand of the USB uplink 

are transmitted. The general characteristics are the following: 

- Carrier frequency: 154. 2 MHz 

- Modulation: PCM/FSK - AM/AM 

- Carrier rnodulation index: 80% MI (peak) 

- Coninand subcarriers: 8.0 KHz to 8.6 (Hz 

- Connand bit rate: 128 bps 



- Probability of error in coninand detection: less than io 6  
- Bandwidth: 30 KHz 

21. 
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CHAPTER 4 

LINK CALCULATJOr4S 

4.1 - RU Link (Return Beam Vidicon) 

The three "Return Beam Vidicon' cameras will operate 

slmu]taneously and will generate a video signal covering the frequencies 

froni DC to 3.5 MHz. The output siqnai of the cameras may enter the input 

terminais of the wide band transmitter for transmission in real time or 

enter one of the wide band tape recorders (WBVTR 1 or 2) for recording 

and later piay-back 	for transmission. At the ground receivinq station, 

a wide band discriminator processes the signal received above the threshoid 

toqether with the noise, recovering the video signal with an increase in 

the signal/noise (S/N) ratio after the detection. 

For the RBV link the frequency of 2265,5 MHz vias specified. 

The RF bandwidthof201Hz is also considered as the noise bandwidth. Iisinq 

a power of 20 or 10 watt transmitter iii the sateilite for an angie of 

elevation of the antenna of the receiving station of 5 
0,  we conclude that: 

- The qain of the satellite antenna for an eievation angle of 5
0  for 

the ground antenna is better than 4.0 db. This value includes the 

polarization losses; 	 - 

- The transmission losses were caiculated at 1.35 db. These losses 

include the losses between the ouput terminais of the power 

amplifier and the input of the antenna terminais, including iosses 

in the filters, connectors, cables, circulators, etc. The 

atmospheric losses are considered for 50 of elevation and estimated 

at 0.7 db. 

- The tosses of the free space are calculated from the formula: 

LFS= 20 log À 

4wd 

where, 
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d=(Re+h) sen 6 
	,and 

sen (900+a) 

cos 
-1 	Re 

6= 	( 	) a 
Re + h 

Using the altitude h = 492 nautical miles (910 1(m), elevation 

angle a = 50  and radius of the Earth 	= 6380 Km, we fInd 

6 = 24.3 degrees 

d = 1620nm (3000km) 

1 F = 169.1 db 

- The thermal noise power in a 20 MHz equlvalent band iscalçulated 

frorn t4 = KTB, where 

K = 1.38.10 23  Joule/0 K 

= 1 10!?c 1,'°.!23 dhw hy ° K by Hz, what leads to, 

N =-228.6 dbw by °h( by Hz. 

4.1.1 - Selection of P1 parameters 

The signal to noise ratio (S/N) in the discriminator 

output terminais is given by 

(1) (SIM) 0  = 	
(4L)2 8 
	

( C/N) 
Ç 
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Where: 

tf is the peak deviatlon frosr center frequency of the RF signai 

rn is the modulating frequency 

is the RF bandwidth,and 

CM Is the carrier - to - noise ratio at 

' the input terminais of the discrirnlnator 

Uslng 

= 3.5 MHz 

BRF 20 MHz 

The modulation index (e) was calcuiated through the 

analysing of Bessel's functlons 50 that the energy out of the lateral 

bands be no greater than 1 % of the total energy. 

With B = 1.6 the energy outside the band of 20 MHz is 

approximately 1,1 %. 

« 	 The Moduiation Improvenwnt Factor (MW) is computed from 

MIF=l (1)2f 
2 	1'm 	

f 

With the Index p = 1,6 results a value of 

MW = 22 or 13,4 db. 

• 	 The equatlon (1) Is valld for a sine modulating signal; 

when the video signal is appiied, the following consideration must be 

taken into account: 

- The information signal Is 80 % of the video signal peak to peak. 

The signal to noise ratio S/N at the detector output will then 

be (0.8)2  tines the signai to noise ratio of peak, corresponding 

to a réduction of 2 db. 
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- lhe video signal whlch produces the sane peak to peak EM 

deviation of a slne signal has a power 8 tines bigger than 

the average power of sine signal. The signal to noise ratio 

will have then an Increase of 9 db. 

We should consider an increase in the carrier to noise 

ratlo of 13.4 due to MIE, a reductlon of 2db due  to the first 

consideration above and an increase of 9 db due to the second 

consideratlon. That is an increase of 20.4 db. 

Two types of statiiswith the corresponding specifications, 

gain of antennas, antenna noise temperature and receivers with a niargin 

o? 6 db are consldered. lhe two types of stationsare presented next. 

Recêlver station wlth parabollc antenna of 9 meters dlaneter 

For the RU link a power af transmlsslon of 20 orlo 

watts can be used. 

- Spacecraft transnitter power. 

43 dbm for 20 watts 

40 dbm for lo watts 

- Spacecraft antenna gain: 4.0 dB includes the polarization losses. 

- Transmlsslon losses:-1,35 dB. 

- Space losses:-169,8 dB. 

Free space loss: -169,1 dB. 

Atnospherlc loss:_-0,1 dB 

-169,8 dB 

- Receiver antenna gain: The galn is computed from the formula: 

G 	ri 

À 

for ri =55%andD=3ofeet G44dB 
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- Systen temperature: T .  = 1250K 

- Noise power lii the band of 20 MHz: -104,6 dBm 

K = 1,38 ]0- 23 Joule/°K 
N = KTB 	

T = 125 °K 

B = 20 MHz 

N = 104,6 dbm. 

- System margin: - 6 dB 

- Recelved power: - 86,15 dbm 

4 + 43 + 44 = 91 db 

169,8 + 6 + 1,35 = -177,15 

- 177,15 + 91 = -86,15 dbm 

- Carrier to noise ratlo: + 18,45 db 

- 86,15 - (-104,6) = + 18,45 

- FM lmprovement: 13,4 db 

for $ = 1 ,6 

- Detected signal to nolse ratlo SIM 

SIM = 18,45 + 13,4 - 2+9 = 38,85 db 

Recelver station with parabolic antenna of 6 meters diameter 

- Spacecraft transmltter power 

43 dbm for 20 watts 

40 dbm for 10 watts 

- Spacecraft antenna gain: 4.0 db 

- Recelver antenna gain: 

for  = 55% 

D = 20 feet we get G = 40.5 db 

- Systen temperature: T. = 125
0 K or 75 0K 

- Nolse power (20 MHz): 



N = xrs T = 125°K—.1 = -104,6 dbm 

= 750K—'N = -106,85 dbm 

- System margin: - 6 db 

- Carrier to noise ratio 

For Ts  = 125°K—. 15,45 db 

For T = 75°K 	417,70 db 

- Signal to noise ratio 

For T = 125°K 

For T = 75°K 

= 35,85 db 
N 

= 38,1 db 
N 

The results for an elevation angle of 
50  and for a 

transmltter power of 20 watts are shown In table 4.1 
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Table 4.1 - RU Link Calculation 

Parameters 
5 Degree Elevation 

30 Ft. Dish 20 Ft. Dish 

Spacecraft transm. pow. 43 dbm 43dbm 43 dbm 

Spacecraft antenna gain 4.0 db 4.0 db 4.0 db 

Transmission Loss - 1.35 db - 1.35 db - 	1.35 db 

Space loss - 169.8 db - 169.8 db - 169.8 db 

Receiver antenna gain 44,0 db 40,5 db 40,5 db 

System temperature 1250 K 1250K 750 K 

Noise power -104.6 dbm - 104.6 dbm - 106.85 dbm 

Systemmargin -6 	db -6db -6db 

Received power - 86.15 dbm - 89.15 dbm - 89.15 dbni 

Carrier-to-noise ratio + 18.45 cJb + 15.45 db + 17.70 db 

FM improvement 	
( 	

= 1.6) + 1344 	db + 13.4 db + 13.4 db 

Detected signal-to-noise 

ratio + 38.85 db 35.85 db 38.1 	db 

(peak to peak) 
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4.1.2 - Signal Degradation 

The sensor output signal to noise ratios are given as 

33,33 and 25 dB for 1, II and III cameras respectively. 

We consider the complete llnk and examine the 

degradation suffered by the signal transmltted in real time. 

The signal to noise ratio at the output terminais of 

the receiver of the ground station is given by, 

r 	1 -1  

	

(S/N)0 l__!_._ , 	1 	 where 

[(S/N)s 	(S/N)TLj 

(S/N)s - signal to nolse ratio of the cameras 

(S/N)T: - signal to noise ratio of the transmisslon link 

Considering camera 1, 

(S/N) 5  = 33 db 	(S/N)TL = 38,85 

33 db 	t2,103  

38,85 db 	7,7.10 

r 	1-1 
(S/N) 0 - 	1 	+ 	1 	>32,1dB 

L2.103 	7,7.103j 

i.e, a degradation of 0,9 dB 

Figure 4.1 shows that if the degradation is to be 

maintalned equal to or smaller than 1 dB, the (S/N)TL has to be In 

excess of 38.7 dB. We can then calculate the degradatlon for three 

consldered c4ns-idere4-conditions of operation: 

29. 



30- 	3 

31 	 2 

IZ  32 

33- 	O 

30. 

I Operation 	 power &TL 
	degradation 

Antenna 30 Ft 
T5 	1250K 

Antenna 20 Ft 
T 5  = 1250K 

Antenna 20 Ft 
T5  = 75°K 

20W +38.85 db -0.9 db 

20W +35.85 db 	-1 .8 db 

20W 	+38.1 db 	-1.0 db 

These results show a more convenient operation 

with en antenna of 30 Ft. Observe that the system temperature 

(T5  = 125°K) considered for iliustration of the calculations is 

attained itt systems utilizing a cooled paranetric amplifier ;  in systems 

utilizing uncooled parametric amplifier the system temperature will 

be bigger than 200 °K. 

33 	35 	37 	39 	41 	 43 	45 	47 

/ s \ 
- 	 1-1 

TL 

Fig. 4.1 - Signal Degradation (RBV).(-) = 33 db 
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4.2 - MSS Link 

The wideband MSS link occupies a band of 20 MHz with 

PCMIFSK modulation and center frequency o'f 2229,5 MHz. 

Theoretical and experimental investigation show that 

the carrier energy to noise density ratio influences the probability 

of error at the detection; for a probability of error, e= 10 -5  , a relation 

of 14.0 db with detection discriminator is obtalned. With an optlwm 

coherent receiver C/N = 13,0 db for P e 	
10 	is obtained. Experimental 

results indicate 13,5 db. Table 4.2 shows the link cal culations: 

Table 4.2 - MSS Link Calculations 

5 Degree Elevation 

Parameters 	 30 R 20 Ft j 	20 Ft 

• Spacecraft 	transm. power 43 di 43 dbn 43 dbm 
Spacecraft antena gain 4.0 db 4.0 db 4.0 db 
Transmjssjon loss -1.35 db -1.35 db -1.35 db 
Space loss -169.66 db -169.66 db -169.66 db 
Receiver antenna gain 44.0 db 40.5 db 40.5 db 
Temp.System 1250  I( 1250 K 750K 
Noise power -105.8 dt*n -105.8 dbm -108.05 dbm 
Syste,n margin -6 db -6 db -6 db 
Received power -86.01 dbm -89.01 dbin -89.01 dbm 
Carrier-to-noise ratio +19.79 db +16.78 dbm +19.04 db 

Taking the more pessimistic value of C/N = 14.0 db for a 

probability of error P. = 10, we will have extra margin of 5.79 db, 

2.78 db or 5.04 db. Each of these numbers must be reduced 1.5 db to 

take into account the degradation due to the distortion of delay time. 

Table 4.3 is then obtained. 
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Table 4.3 - Extra margin for the MSS link 

Operation Power Margin 

Antenna 30 Et 
= 1250K Ts 20W (10W) 4.29 db 	(1.29 db) 

Antenna 20 Ft 
T 
5 = 

1250K 20W (10W) 1.28 db (-1.72 db) 

Antenna 20 Ft 

T 	= 	75°K 
20W (10W) 3.54 db (0.54 db) 

The MSS link parameters are essentially the sarne calculated 

for the RU link with the foliowing exceptions: 

- The central frequency for the MSS link is 2229.5 Mhz,whth results in 

a reduction of 0.14 in the loss of free space. 

- The predetection of the MSS link is lirnited to the bit rate (15 

MHz between the 3 d points). 

The sarne observation made for the RU link with relation 

to the system teniperature (T 5  = 125°K) utilized to iliustrate the calcu-

lations is valid. 

4.3 - IJBS downlink 

The USB down signal S (t) has the followinq forni: 

r 
5(t) = /2C cos w t + E O. cos(w t+4i. (t)) + O 1 U(t) + n(t)j 	(2) 

L C 	1=1 	Si 	1 	 fl 
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where: 

c = received total power 

wc = carrier frequency 

e l  = peak phase deviation of carrier due to ith subcarrier 

peak phase deviation of carrier due to ranging signal 

Wsi= i-th subcarrier frequency 

= information which is angle - modulation on i-th subcarrier 

U(t) = two levei (t li sauare wave ranaina siqnal 

n(t) 	Gaussian band lirnited noise (density N0 ) 

Figure 4.2 shows a typical demodulation system of the USB 

signal, without the PRN signal. 

phase 
rnodulat. 

Band Lj Subcarrier 
demodul ftj 'chronizer 

Band 
pass 

Subcarrier 
demo dul. 

Bit 
synchroriizer 

filteri 	1768 1KHz 

band 	Subcarrier 	Bit 
pass 	deniodui. 	synchronizer 

	
decod. 

filterl 	11024 1KHz 

Fig. 4.2 - USO signa] demodulation. 

Table 4.4 shows the IF bandwidth for each subcarrier. 

Table 4.4 - IF bandwidth for each subcarrier 

SUBCARRIER IF BANDWIDTH 

1024 1KHz 6 1KHz, 	150 KHz, 600 1KHz 

768 1KHz 20 KHz, 35 KHz 

597 KHz sufficient for at ]east 24 Kbs. 



4.3.1 - Required S/N 0  for each subcarrier channel 

597 KHz Channel 

The stored PCM telemetry signal modulates a subcarrier of 
597 KHz. 

A perfect detector for PCM/FSK needs an energy by bit to 

noise power density ratio (E/N 0 ) at the detector input according to Fig. 
4.3 in function of the probability of error, P e . 

For a probability of error smal ler than 10 , E/N 0 ,should 

be bigger than 10.5 db for a perfect detector. Adding 2.5 db for a real 

detector, E/N0  must be bigger than 13.0 db to get a probability of error 
smaller than 10. 

S - average power at the subcarrier 
E 	ST T - period by bit = FÇ IÇ 	 bit rate 

1. = 24 Kbit/sec. 
T 

S1 	E IF—= -9:-- w- = 13.0 db + 10 log 	2.4.10k  
o 

= 13.0 + 43.8 = 56,8 db Hz 

= 56.8 db hz 
N0 1 

where (5/N0 ) is the signal to noise ratio required for the 597 KHz 
1 

s u bc a rr i e r. 
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Fig. 4.3 - Relation between P and E/N 0  for an ideal 

coherent PCM/PSK 
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1024 KHz Channel 

The 1024 KHz channel is used to receive the [JCS siqnals. 

This signa] consists of a sinusoid ef center frequency 1024 KHz, which 

is frequency niodulated by the infornation and noise. (lore noise is added 

to the information signa] in the down]ink. The total signa] to noise 

ratio (5/N)t0t81  at the input of the processer at the receiving station 

should be zero db in a handwidth ef 100 Kllz centered in 1024 KIIz. 

The calculation of the signa] to noise ratio for tEus 

channel provides (S/N 0 ) =66.0 db Hz. 
2 

768 KHz Channel 

This channel is used to transmit the real time PCM 

telemetry signal. This signa] modulates a subcarrier of 768 KI-lz. 

Fig. 4.4 shows the b]ock diagram of the detector for tEm 

signal of the channel of 768 (Hz. 

Video 	Pass 	PhaseIlBit 
phase 	band 	detector[]synchronizer L 	to Um 
detector 	filter 	768 KHz 	 ' tape recorder 

Fig. 4.4 - Detection of the channel of 768 KIlz. 

The value of S/N calculated for the channel of 768 is 

(S/N 0 ) 	= 44.0 db-Hz for P e =  
3 

	
10 

Table 4.5 shows the calcu]ation of USB link for arutennas 

of 9 and 6 m. 
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Table 4.4 	IJSB Oowlink Calculation 

Parameter 9 m 6 ai 

Transmitter power 	 dbm 30.0 30.0 

Transniitting circuit less 	db -2.0 -2.0 

Transmitting Antenna Gain 
(includes polarization loss) 	db -1.0 -1.0 

Free space loss 	 db -169.3 -169.3 

Transrnitter frequency 	 MHz 2287.5 2287.5 

Receiving antenna gain 
(includes circuit less) 	 db 43.4 39.9 

System rnargin 	 db -6.0 -6.0 

Received total power 	 dbni -104.9 -108.4 

Receiver noise Power density 	dbm/Hz -174.5 -178.0 

System Temperature 	 °K 250 110 

Received 	 db/I-Iz 69.6 69.6 
o 

Required E. 	 db/Hz 48.5 48.5 

Extra marqin 	 db 21.1 21.1 

4.4 - USB Uplink 

This link is necessary to transmit the Pseudo Random Noise 

PRN ranqing signal and comand data subcarrier (70 1KHz). 
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Table 4.6 shows the link calculation for an antenna of 

9m and 6 ai. 

Table 4.6 - USB Uplink Calculation 

Parameters 9 ai 6 ai 

Transmitted power 70.0 70.0 	dbm 

Transmitting circuit loss 0.0 0.0 	 db 

Transniitting antenna gain 43.0 39.5 	db 

Space loss -169.9 -169.9 	db 

Atniospheric attenuation -0.7 -0.7 	db 

Carrier frequency 2106,4 21ü0.4 	MHz 

Receiving antenna gain +4.0 +4.0 	db 
(includes polarization loss) 

Receiving circuit loss -1.5 5.0 	 db 

Pointing loss of the receiving antenna -5.0 5.0 	 db 

Systeru niargin -6.0 6.0 	 db 

Received total power -66.1 -66.1 	dbm 

Modulation loss 0.0 070 	 db 

Available carrier power -66.1 -66.1 	dbrn 

Necessary carrier power -109.0 109.0 	dbm 

Extra rnargin 42.9 42.9 	db 
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R E C E 1 V 1 N G A N D T R A CKJNG 

ST A T 1 O £4 £1 O D E L 

INPF intends to instali a station to track the sateilite, 

receivinci and recording the information transrnitted hy it. 

Fig. 5.1 shows a biock diagram for a possible trackinq 

and receivina station includinq the recordinq system. 

The uplink is not necessary for Brazil because the 

satellite comands are recorded in redundant rneniories of high reliabity, 

in case the meniories fali the satelilte wouid beconie non-operational. 

Figure 5.1 shows the equiprient used to receive the data 

transrnitted in MSS, RU and USB links and the recording system used to 

record these data. 

The receiving equiprnent to receive the data transmitted 

by the Data Coflection System (DCS) does not appear in the figure 

because in an initial phase the station would not receive this signal. 

It intencis to study the possihility to receive these data in the future. 

5.1 - Equiprnent Specifications 

5.1.1 - Antenna 

The systern will use a 9 m diameter parabolic antenna with 

a noise temperature of nearly 65 ° K. 

If the system noise temperature is 125 °I( (utilized in the 

iliustration of the calculations) the safety margin will be 6 db. If the 

system temperatureis greater than 125 1K the safety niargin will be snialler 

than 6 db. See table 4.1 and paragraph 4.1.2 for the RU link which is more 

critica]. 

The antenna and the pedestal must operate in normal 

conditions with wind of up to 60 km/h. 

The antenna niust be solid with surface roughness sufficient 
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to operate on the band 8025-8400 MHz. This consideration is important 

because the service of exploration of the Earth Resources by means of 

sateliltes, In the future, will utilize this band in accordance with 

the resolution of the ITU at the meeting WARC-ST/71 held in Geneva in 

.lune 1 071. - 

5.1.2 - Antenna Feed 

It must have capacity to provide all the necessary 

signais for the tracking. 

These signais will generate the signals differences,AE 

and Aa, for the tracking receiver and the sun signal, , for the 

parametric amplifier. 

5.1.3 - Tracking System 

The station will probably have two tracking systems; one 

using the autotrack systern and the other using the programed tracking 

with the aid of a computer. It could have as an option, the manual 

tracking for initial positioning of the antenna. 

The autotrack system uses an antenna feed with capacity 

to generate the azimuth and elevation error signais. 

The antenna must be initially positioned either by the 

operator or by using the programed tracking. 

5.1.4 - Paranetric Amplifier 

The paranetric amplifier must have a bandwidth greater 

than 72 MHz. In the future sateilites for exploration of the Earth 

Resources, when the frequencies are allocated to the band from 8025 

to 8400 MHz, in accordance with the WARC-ST/7I, of the ITU, this 

amplifier will probably nave a broad bandwidth. 
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Calculations made show that an uncooled paranetric 

amplifier with noise temperature of 100°K would be sufficient with 

an 9 m diarneter antenna, with a lower margin to 6 db for the RU link, 

which is the rnost critica]. 

5.1.5 - MSS Equipncnt 

5.1.5.1 - Down Converter 

The noise ternperature of the down converter niust be such 

that the noise system temperature was equal to 125 ° K(9 m antenna with a 

lower margin to 6 db for the RU link). 

5.1.5.2 - ESK demodulator 

This device must dernodulate the PCM/FSK signal of the 

MSS link. 

5.1.5.3 - Signal Conditioner 

This unit synchronizes the 15 Megabits for second 

providing also time inforniation for a later demultiplexation and/or 

recording. 

5.1.5.4 - Deniultiplexer/test Generator/Monitor 

Thjç unit will he utilized to demultipiex the MSS signal 

reproduced hy a series type tape recorder (for exarnple the TR 70 - CVR-

3F modified) ar to demultipiex the signal to he recorded in a parailel 

type tape recorder (for example the AMPEX FR-1928). A monitor will he 

used to visualize in analog forni the MSS data. The test generator 

provides the test TISS .sianal which niodulates a P1 source to verify the 

correct operation of the whole system. 
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5.1.5.5 - MSS Tape Recorder 

The recording system must be completely compatible with 

that used by NASA in the United States. 

This tape recorder may be a FR-1900 modified (parailel 

type tape recorder) to record 28 tracks (inodel FR-1928) or some other 

seriG type tape recorder in which the demultiplexer would not be 

necessary for the recording. 

A paraliel type tape recorder records, at a speed of 60 

irdes/s, 25 tracks of digital data, one channel of time information, 

one of PCM telernetry signal, and one channel of capstan servo and a voice 

channel. The tape recorder tracks may be used as foliows: 

Channel 1 - capstan servo reference frequency 

Channels - 2, 4, 6, 8, 10, 12 - Group 1 

Channels - 14, 16, 18, 20, 22, 24 - Group 2 

Channels - 3, 5, 7, 9, 11, 13 - Group 3 

Channels - 15, 17, 19, 21, 23, 25 - Group 4 

Channei .26 - Group 5 (ERTS-B only) 

Channel 27 - time information 

Channel 28 - PCM telemetry Signal 

The tapes used must bel lnch width in 101/2  or 14 inches 

diameter reels. 

5.1.6 - RU Equlpment 

5.1.6.1 - Down Converter 

See paragraph 5.1.5.1 

5.1.6.2 - FM Demodulator 

This denodulator must demodulate the video/FM signal 

(RBV data)'. 
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r.1.6.3 - Video Processor and Synchronisrn Separator (VPASS) 

This unit must process the RU video signa] to permit 

the recording and display (guick-look) of iniages. 

5.1.6.4 - RU Tape Recorder 

This tape recorder must be completely compatible with that 

used by NASA. 

The tape recorder to be used will be the RCA TR 70-CVR-3E 

(or equi valent) whi ch is a modi fi cation of the comercial tape recorder 

TR-70. 

This tape recorder niay use tapes 3M 500 that come in 

reel ]engths of 1,200-2,400-3,600-4,800 or 5,600 feet; in term of re- 

cording time the lengths are equivalent to 738 - 1,476-2,214-2,952 - 

or 3,444 seconds. 

The tapes used rnust be 2 inches wide in 14 inch diameter 

repis. 

5.1.7 - USB Equipment 

5.1.7.1 - Down Converter 

See paragraph 5.1.5.1 

5.1.7.2 - PM Dernodulator 

This demodulator must deniodulate the information at the 

USB carrier. 

5.1.7.3 - Band Pass Filters 

The filter for the stored PCM telemetry signal must have 

a central frequency f0  = 597 KHz and sufficient bandwidth for at ieast 

24 kbps. The filter for the real time PCM telemetry signa] must have a 
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central frequency f 0  = 768 KHz and a 35 KHz bandwidth. 

5.1.7.4 - Subcarrier Demodulators 

These discriminators niust dernodulate the two sub-carriers 

fs = 768 KHz and f5  = 597 KHz. 

5.1.7.5 - Bit Synchronizer 

These units (2) provide the synchronization of the 24 

kbps and 1 kbps data of the 597 and 768 KHz channels respectively,for 

later recording. 

5.1.7.6 - Recording System for the Signais of the USB Link 

These signais are recorded in the auxiliary channels of the 

tape recorders AMPEX FR-1928 (or equiva1en 	and RCA TR-70 (or equivalents) 

or can be recorded separately in any other digital tape recorder (it may 

be the AMPEX FR-1900 already existent at INPE). 

For recording of the DCS signais in a later phase this 

digital tape recorder (FR-1900) would certainly be necessary. 

5.1.8 - Test Generators: TPG (RBV) and RSE (P155) 

The function of these equipments are the foliowing: 

- To generate the test signais for simulation of the MSS and 

RU signais; 

- To generate and simulate the noise spectrum which can be 

combined wlth the test signais to simulate the receiving of the 

satelilte signais. 
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5.1.9 - Quick-look Monitor (QLM) to Visualize the RU Signais 

This device perniits a qulck visualization of the three 

RU caineras. It also accepts the signals provided by the TPG unit; 

these signals are flrst sent to the VPASS unit. 

The QLM permits the visualization in a cathode ray 

tube of the RU data and of the test signal of the TPG for evaluation 

of characteristics of the system. It is equipped with a Polaroid caniera whic 

photographs continuously the images of the three RU cameras. 

5.1.10 - Timing System 

The timing station consists of a group of equipment 

which include: 

- Time code generator 

- Frequency synthetizer 

- Synchronizer 

- Oscilioscope 

5.1.11 - EM Signa] Source for Test 

This is a generator for precision signals in the band of 

2200 to 2300 MHz. 

The output may be continuous or modu]ated by the signa] 

provided by the TPG test generator of the RBV or by the t155 test 

signal generated in the RSE. 

The TPG generator provides the vídeo test signal (0 to 3.5 

MHz) for control of the receiving and recording equiprnent of the RU 

signal. 

The MSS-RSE test generator provides the 15 Mbps signal for 

control of the receiving and recording equipment of the MSS signal. 

These signais of the TPG anti MSS-RSE modulate the FM signal 

of test; this modulated signal is injected at the test input of the para- 
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metric amplifier and later on in the receiving and recording circuits 

to evaluate the conditions of operation of the complete system. 
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CHAPTER 6 

1 M A G E P ROCES SI N 	5 T A T 10 P1 

The image processing station has the following main 

functions: 

- To transforin the RBV data received in filrns through the 

control of IAT tapes (Irnage Annotation Tape) in which these 

are annotated. The information for correction is ohtained 

frorn telemetry data contained In the (JSB downlink and frorn 

"fixed error" tapes. The filins ohtained correspond in quality 

to the preliminary processing (hulk process). Manual 

measurements are made with these films frorn the position of 

ohjects whose coordinates are previously known, so that a 

group of coefficients for correction is obtained and applied 

to the original video tape of the Rt3V, and irnages of quality 

corresponding to the precision process are obtained. 

- To transforn MSS data into films of prelirninary quality and 

later into precise quality. 

- To transforrn the rtss data in digital tapes for direct access 

to the cornputer (CCT). 

6.1 - Image Annotation Tape (IAT) 

To produce these tapes use for error systeniatic correction, 

tapes with epherneris data to be provided by NASA and the data wi th the 

sateilite characteristics contained in the ÍJSB down link are necessary. 

With these No tapes it is possihle to produce the JAT tape. 
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Geometrical corrections are made through the deterniination 

of the sateilite angles in relation to reference position and the deviation 

of the nominal height of the sateilite. The sateilite angles are determined 

from PCM telemetry data. The ephemeris data perinit cakuktiofl of the devia-

tion of the nominal height. 

6.2 - Transformation of RBV Data 

The RBV data recorded are reproduced and sent to VPASS and 

next to a Electron Beam Recorde,' (EBR-CTL) and imediately after to a 

Electron Beam Recorder (EBR). 

• 1 1' ________________ 

 EBR N.IPLIFIER fili,J_____ 

9 1/2 incies EQIJ IVALENT 

» j PROCESSER 	 [ ERROR MANUAL 
DETERMINATION 

Fixed 	GCP 
error s 

QQ 

Initially corrections are made through the control of the 

JAT tape and "fixed error' tape; this flrst step produces images of pre-

liminary quality; after developing the 70 nn filin some images are chosen, 

these images can be enlarged to 9 1/2 inches. 
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Some imaqes are selected for further corrections; to 

dtormine these corrections, manual measurenents are made from the exact 

localization of some points and knowledge of the distortions of the 

lenses. These measurements are put in the processor to obtain correction 

coefficients. These coefficients are applied to the Electron I3eam Recorder 

Control. 

tising again the original video tapes of the RU and 

applying the correction coefficients during the second step, the images 

are produced again after the enlarging with precision quality. 

6.3 - MSS Data Transformation 

The MSS recorded data are converted into films through the 

control o? the TAT tape and fixed error tape. This first passage produces 

images of preliminary quality. 

With manual measurernents the correction coefficients are 

obtained to produce the precision images through a second passage of the 

original MSS tape. 

AMPEX FR 19 928 OR  
1928 OR 	MS 	 GTLCTL 
EQU 1 VALEU 

70 Ilfi film 	ENLARGER )1 

9 1/2 1 

IATF-1 PROCESSER ERROR MANUAL 
DETERM INAT 1011 

Fixed 	GCP 
error 

lhe N155 data are converted intD tapa compatible with the 

computer through two magrietic tape units(HF' MTU). 
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CHAPTER 7 

LOCATI 0 	A N D COVERAGE 

7.1 - Location 

As it was considered prevlously, the system presented in 

thi s doctnent must be consti tuted of 2 subsystems, the trackl ng and 

receiving station and tfle Iinage Processing Station. Considering that 

they are comple.entary, the ideal situation would be that in which both 

were located at the sarne point or at near point. The proximity criterion 

is however, flexible in the sense that It is the function of several 

factors. For example, the access facility to each of the stations and 

tfle means of transportation which will interconnect then. 

As an exainple and as basis for calculation of the amount 

of data to be received, we next present studies which put the location 

of the trackiny and receiving station near tfle city of São José dos 

Campos (2305 and 460W). 

7.2 - Coverage 

The coverage was calculated taking into consideration the 

elevation angles of 2 0  and 50  above tfle horizon. 

The geometry utilized for the calculation is presented in 

Fig. 7.1. 
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Fig. 7.1 - Geometry for the calculation of the central angle. 

The calculation of the central angle (6) for various 

elevation angles is included in table 7.1. 

Frota this table the following values are obtained: 

Central Angle 	 Height 	 Elevation 

(6) 	 (h) 	 (a) 

24.30 	 910 km 	 50 

27.00 	 910 km 	 2°  

With the values of central angles mie may trace the 

coverage of Fig. 7.2 for elevation 20  and 50 

Fig. 7.2. shows that almost the whole of Brazil would 

be covered and the following countries as well: 

Total Coverage 	 Partial Coverage 

Bolivia 	 Argentina 

Paraguay 	 Chile 

Uruguay 	 Peru 

French Guiana 



Table 7.1 - Centra] angle calcuiation 

Arigles measured in Degrees 

Height: 910 1Km 

Central Angle 	 Elevation 

1 82.03 

2 74.31 

3 67.03 

4 60.33 

5 54.25 

6 48.80 

7 43.93 

8 39.60 

9 35.73 

10 32.27 

11 29.17 

12 26.36 

13 23.80 

14 21.47 

15 19.33 

16 17.35 

17 15.52 

18 13.80 

19 12.20 

20 10.69 

21 9.26 

22 7.91 

23 6.62 

24 5.39 

25 4.22 

26 3.09 

27 2.00 

28 .95 
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7.2 - COVEPAGE OF THE STATION LOCATEO IN 510 JOSÊ oos cwos 
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CHAPTER 8 

AMOU NT O E DATA RECEI VE D 

B 	T H E STATI 0  

The location af the station under study would 	permit 

gathering data for Brazil and other South Arnerican Countries. 

The amounts of data available for recording at this sta 

tion will be calculated considering that the sateilite elevation angle 

considered in So José dos Campos 	is greater than 5o . The elevation 

angle is limited by this value owing to problens aí atniospheric scintil 

latians and refraction effects. The elevation angle of 50  is a pessimis 

tic estimate. With a good tracking system and favorable conditions 	it 

would be possible to increase the aniount of data received. 

8.1 - Orbital Parameters 

The Orbital Parameters used for the calculation of the 

amount of data are the following: 

Point ai insertion 

Altitude: 

Inclination: 

Pe ri ad: 

Eccentri city 

Coverage cycle duration 

Distance between adjacent trajectories 

Separation in longitude between 

consecuti ve trajectories 

1300 W long, 00  lat. 

910 Km (492.35 mm) 

99.088 degrees 

103 mm 

0.0001 

18 days (251 rev.) 

160 Km (1.4338 degrees) 

25.8167 degrees 



56. 

8.2 - Graphical method to determine the time spent by the satellite to 

cover the area of observation from the São José dos Campos sta 

ti on. 

The graphical nethod used to determine this time is the 

foliowing: on the first day the orbits 10 and 11 separated by 25.8167 

degrees longitude are forecasted in the coverage area of the station;on 

the second day the orbits 24 and 25 are forecasted and so on. A certain 

nunter of orbits is forecasted for each day as shown in Fig. 8.1. 	The 

length of the trajectories was transformed in tine used by the 	satei 

lite, to describe these trajectories. 

The calculation was done only for the continental cover 

age, either for Brazil or for other countries as well, within the cover 

age range of the station. For the calculation, it was assumed that the 

trajectories within the coverage area of the station are parallel. 

The solar illumination angle depends on the latitude and 

on the seasons; this is shown in Fig. 8.2. It is convenient to keep in 

mmd that within the area covered by the receiving station from São J0 

sé dos Campos, the solar angle is always greater than 17 degrees. For 

our purposes this angle should be considered satisfactory. 

For an elevation of 5, thirty-three (33) orbits cut the 

coverage area of the station. Twenty-two (22) of these orbits cut the 

continental part. 

The time spent by the satelIite in each day and the cor 

respondlng 22 passages are shown in Table 8.1. 

The longest time spent by the satellite, within the con 

tmnental coverage, is about 694 seconds. 

In the first day (see Table 8.1) the satellite describes 

the trajectories 10 and 11 but only the orbit li cuts the continental 

part. On the 
6th  day, for example, the satellite describes the orbitsøJ 

and 81 and similarly for each one of the 18 days of ttie cycle. Table 8.1 

sflows the tine spent to cover each country. 
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Fig. 8.1 - 

Coverage of tfle station located in Sio José dos Campos 
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Table 8.1 - Time Spent on Continental Coverage 	 59. 

TIME SPENT 	( SECONDS) 

PASSAGE 
BRAZIL BOLIVIA ARGENTINA CHILE PARAGUA? URUGUAY TOTAL 

1st 2nc 1stI 2nd 1stI 2ndi 1s1 4 2nd IstI 2nd lst 2nd 11sti 2nd lst 2nd 
1 1011-380- 1 	- -243- 

_ 
- -49- - -672 

2 24 25 - 281- 1 	39-288- - -86-- -694 

3 38 39 - 259- 52-310 - - -69- - -693 

4 5253- 190- 120 -300- - -43- - -653 

5 6667- 1 	172- 87-350 - - - - - - -609 

6 80 1 	81 86 1 	138 - 163 - 243 - - - - - - 86544 

7 949512195-181-157 - 35-- - -121468 

8 108 109 281 35 - 173 - - - 190 - - - - 281 398 

9 122 123 348 9 - 121 - - - 111 - - - - 348241 

10 136 137 348 - - - - - - - - - - - 348 - 
11 150151348 - - - - - - - - - - - 348- 

12 164 165 430 - - - - - - - - - - - 430 - 
13 178 179 465 - - - - - - - - - - - 465 - 
14 192 193 520 - - - - - - - - - - - 520 - 
15 206 207 550 - - -- - -- - - - 19 - 569- 

16 216 217 516 -------- 8- 78-602- 

17 234 235 465 - - - 35 - - 35 - 85-620- 

18 248249396 -- - 202 - - 56 - --654- 

5392 4969 



8.3 - Magnetic Tape Requirements 

The magnetic tapes for the tape recorder AMPEX ER 1928 

are provided in 9,200 feet reels (280 m) ar, in terms of recording tine, 

1.840 seconds. 

The magnetic tapes for the tape recorder RCA TR 70-CVR-3E 

are provided in reels of 1,200, 2,400, 3,600, 4,800 or 5,600 feet lengths 

ar, in terms of recording tine, 738, 1,476, 2,214, 2,952, 3,444 seconds 

at a speed of 19.5 inch p.s. 

The calculatian of the nunter af tapes was made consider 

ing tfle recording in only one reel of the largest nunter of consecutive 

passages possible. 

This method is i1Iustrated in Table 8.2 for the AMPEX FR 

1928 or equivalent. The recording tine for passage 11 on the first day 

and 25 on second day are added. The total time of recording for con 

tinental coverage of these 2 passages is of 1,366 seconds, with 474 se 

conds of tape unused. 

Table 8.3 shows the nunter of tapes necessary for 	the 

tape recorder RCA TR 70-CVR-3E or equivalent in a period of 18 days.Tbe 

method used for calculation of tapes for the RCA TR 70-CVR-3E or equ 

valent is the sane used in the calculation of nunter of tapes for the 

AMPEX FR 1928 or equivalent, with the later condition that the antuntof 

unused tape be at a minimuin. If for example: 

(day, passages) Recording 

tine 

Whole reel 

time 

Non used 

tine 

(1,11) 	+ 	(2,25) 	+ 	(3,39) 2056 sec 2214 sec 158 sec 

(1,11) + (2,25) + (3,39) + 
3318 sec 3444 sec 126 sec 

+ (4,53) + (5,67) 
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Using a 3,600 foot reel (2214 sec.) one can record 3 pas 

sages; the non used time of the tape corresponds to 158 sec. Using a 

5,600 foot reel (3444 sec.) one can record 5 passages; the non used time 

of the tape corresponds to 126 sec. The method used of minimum tine of 

non used tape chooses the 3444 sec. reel. 

Table 8.2 and 8.3 show the total nuriber of non used tapes 

in seconds/reel. 

Table 8.4 shows the nunter of reels for the two tape re 

corders for the cycle of 18 days. Table 8.5 shows the cost of magnetic 

tapes for the period of 18 days. 

The total coverage cost (continental sea) will be approx 

imately the double of the cost shown in rabie 8.5. 

8.4 - Estimate of the quantity of photographs 

The data recorded in the recording system of the tracking 

and receiving station will be processed and transfonned in photographs 

later. 

We will give an estimate of the final quantity of photo 

graphs that the system will provide. 

Based on the data of table 8.1, the nunter of scenes (185 

Km x 185 Km), which the station will receive per cycle (18 days) were 

calculated for the continental coverage of Brazil and total continental 

coverage (Brazil and other South American countries). It was considered 

that 30% of the images would not be utilized due to the excessive cover 

age of clouds. Frotn the 70% left 10 preliminary copies will be prepared 

(we consider 10 users) in black and white paper and transparency. From 

these images it was considered that 20% would be composed of colors.From 

the preliminary images (bulk), it was considered that 30% will be trans 

fonned in precision images and copied for 10 users. It was considered 

that all precision images will be composed of colors. Tables 8.6, 8.7, 

and 8.8 iliustrate these considerations and calculations. 

With tlie estimate mentioned above the total autunt of 



photographs provided to the users per day is shown in Table 8.9. 

	

Tables 8.10 and 8.11 show Um photograpPiic 	processlng 

costs per day for Brazil and for total continental coverage. 

Table 8.12 shm',s the total annual cost for the indicated 

coverages. 

The Brazilian User will deinand annually 75% of prelim 

inary images and 25% of preclsion ones; the color images, preliminary 

and precision, represent 9% of Um irnage total. 
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Table 8.10 - Photo Processing Cost Per day for Brazil 

Preliminary (bulk) Processing 	 US$ 

Flim of 70 rir, 	 5.0 

Processing of 98 images/day 	 13.0 

700 black and white prints copies 	 150.0 

700 black and white transparencies copies 	 150.0 

40 color print copies 	 14.0 

40 color transparencies copies 	 14.0 

TOTAL/DA? 	 346.0 

Precision 	Processing U5$ 

Filnt of 70 m 2.0 

Processing of 21 images/day 3.0 

210 bhck and white print copies 45.0 

210 black and white transparencies copies 45.0 

60 	color print copies 21.0 

60 color transparency copies 21.0 

TOTAL/DA? 137.0 

71 



Table 8.11 - Photo Processing Cost Per day for Continental Coverage 

Preliminary (bulk) Processing US$ 

Flim of 70 m 9.0 

Processing of 161 	images/day 20.0 

1120 black and white print copies 242.0 

1120 black and white transparency copies 242.0 

80 color print copies 28.0 

80 color transparency 28.0 

TOTAL/DAY 569.0 

Precision Processing 

FiIm 70 m 3.0 

Processing of 35 images/day 4.0 

350 black and white print copies 54.0 

350 black and white transparency copies 54.0 

100 color print copies 35.0 

100 color transparency copies 35.0 

TOTAL/DAY 185.0 

72. 
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CHAPTER 9 

GROUND STATION COST 

t4e will analyze the cost for the implantatiori of an 

ground station to receive and process the information transmitted 

by ERTS sateilite. The implantation could be done in parts, startino 

with the Tracking and Receiving Station and later with the first 

part of the station (Tracking and Receiving) it would be possible to 

track the sateilite, receive inforination, and record it in maqnetic 

tapes. These tapes would then be sent to NASA, where they would be 

processed at NDPF (NASA Data Processing Facility) and would be later 

returned to Brazil. 

To avoid the necessity of sending the magnetic tapes 

to the tinited States, we would have to bay, simultaneously with the 

tracking and receiving station, the second part of the ground station, 

which refers to the image processing; this would make the treatment 

of the rnagnetic tapes previously recorded at the Trackinq and Receivinq 

Station possible hei-e in Brazil. 

We will present separately the cost of the Tracking and 

Receiving Station and the Irnage Processing Station with the respective 

operational costs. 

9.1 - Tracking and Receiving Station 

The Tracking and Receiving Station is a station where 

we would receive RU information, MSS and the real time PCM telemetry, 

recorded in magnetic tapes. The cost of the basic components of this 

station would be approximately those shown in table 9.1. 
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Table 9.1 - Cost of the Coniponents of the Tracking 

and Receiving Station 

C01'IPONENTS PRICE (US$) 

 Pedestal, 30 feet parabolic reflector,feeder, 
base extension, tracking receiver, tracking 
programiner, servo amplifiers, power aroplifier, 
tracking converter, scan code generator,cables, 
multicoupler, down converter, RF patch-panel, 
antenna control. 250.000 

 Parametric ampllfler(uncooled) 15.000 

 Receivers for MSS and RU 20.000 

 Receiver for USB and PM subcarrier dernodulator 18.000 

S. Signal 	conditioner and MSS demultiplexer 100.000 

 Video processer and synchronism separator 
(VPASS) 100.000 

 Test equipment 40.000 

 Timing station 5.000 

 Tape recorder AMPEX FR 1928 70.000 

 Tape recorder RCA TR 70-CVR-3E 200.000 

 Quick-look monitor for RU 90.000 

 Bit synchronizer for PCM telemetry 60.000 

 Buliding (300 m 
2 

 ) 50.000 

1.000.000 TOTAL 
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Table 9.2 - Mnual cost of operation and maintenance 

of the Tracking and Receiving Station 

COMPONENTS 
	

PRICE (US$) 

Magnetic tapes (in the assumption that ali 
recorded tapes are kept at INPE) 	 60.000 

Personnei 

1. electronic engineer 

2 electronic technicians 
for maintenance 

4 operators 	 1 	30.000 

Replacement material 	 1 	50.000 

TOTAL 	 1 	140.000 

Table 9.2 shows the operational and maintenance cost of 

the Tracking and Receiving Station. 

The total price of thls station could be reduced to 

approxlmately US$ 100.000 If we change the "Qulck-look monitor" 

(Item li) for a simple oscllloscope and eliminate the purchase of test 

equlpament (item 7). 

If we changed the tape recorder of paraliel recordlng, 

AMPEX-FR-1928, for a tape recorder of series recordlng, for example 

the TP70-CVR-3E modlfied, the price of the station would Increase by 

approxlmately US$ 50.000. 

So that the system could become cornpletely reilable, 

it would be interesting to purchase some reserve units. 

There is the possibility that this station would expand 

by the purchase of equipment for receiving other signais transmitted in 

the USB channel. These other signais would be the DCS (Data Coliection 

System) and the stored PCM telemetry. This expansion could possibly be 
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in the purchase of a digital tape recorder for example the AMPEX FR-2000. 

The accomplischnient of this expansion would increase the price of the 

station in approxinately US$ 150.000 irrespective of the price of the DCS 

(Data Collection Platforrns) and sensors correlate to these platforrns. 

There is also the possibility that the expansion could be 

to receive meteorological satellites in the band S, such as Tiros N and 

SMS/GOES. For this, three receivers are enough. 

9.2 - Image Processlng Station 

This processing station perniits the complete processing 

of RU, MSS and USB signals (telemetry PCM and DCS) in Brazil; they have 

capacity to generate the preliniinary and precision images for RF3V and 

MSS and the CCT (computer Compatible Tapes) for tISS besides perforniing 

multispectral analyses. 

Figure 9.1 shows the configuration of this complete 

processing station; it is 	noteworthy that the processing for precision 

images is obtained with manual deterniination of local errors in ali 

photographs, one by one; it is also noteworthy that in this figure the 

DCS processing, the generator of CCT tapes and the multispectral 

analyses are not shown. 

The proposed station may be scheniatically separated in 

ternis of cost,as tabie 9.3 shows. 

Table 9.3 - Cost of image processing station 

ITEMS PRICE 	(US$) 

 Electron Beam Recorder (wlth controls) 200.000 

 RU and MSS preliminary processing 	(bulk). 1.200.000 

 RU and MSS precision processing 800.000 

 100.000 

 

CCT 	tapes 	for MSS 	............................ 

200.000 

 Multispectral analysis 

DCS processing 	............................... 

250.000 

2.750.000 

........................

total 	................ 
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FIXED 
RROSG 

JRBV 
	 70 nu 

CORRECTION 	EBR 	ELECTRON 
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k  PUNCHED  ;l MANUAL 
ERROR 

DETERMINATION 1 

Fig. 9.1 - Image Processing Station 
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It should be noted that the processor is included in 

the item concerning the preliminary processing; it should be also 

noted that in this item the price for generation of JAT tapes (Image 

Annotation Tape) and "Fixed Errors" tapes is not included in this 

item because it was considered that NASA will provide Brazil with these 

tapes for preliminary corrections and annotations. 

The generation of these twa tapes is already included 

in item 3; i.e., to go frorn the preliminary processing to precision 

processing with generation of IAT and "Fixed Error" tapes, there 

would be an increase of approximately US$ 800.000. 

The sophistication grades of the system niay be considered 

as: 

SPECIFICATIONS PRICE 	(US$) 

19) Iniages without corrections and annotations 200.000 

29) Preliminary iniages annotated, with IAT and 

"Fixed Error" tapes provided by NASA ......... 1.400.000 

39) Preliminary and precision irnages annotated, 

with IAT and "Fixed Errors 	tapes generated 

.. 

2.200.000 

49) Item 39) more generation of CCT tapes for 

at 	INPE 	...................................... 

2.300.000 

59) 

MSS 	........................................ 

2.500.000 

69) 

Item 49) 	more 	DCS 	processing 	................ 

Item 59) more multispectral analyses 2.750.000 

It should be noted that the tape recorders utilized t 

reproduce the tapes recorded in the Tracking and Receiving Station for 

subsequent processing are not estimated here, since the tracking and 

processing stations are considered to be in the sarne place. If this is 

not possible, the cost of the processing station would increase by 



tfle price of the tape recorders (115$ 270.000). 

Table 9.3 shows the annual cost of operation and niain-

tenance of the Image Processlng Station, including the photographic 

processi ng. 

Table 9.4 - Annual cost of operation and maintenance 

of Jrnage ProcesSing Station 

DISCRIMINATION PRICE US$ 

 Computer compatible tapes 20.000 

 Personnel 

-3 engineers 

-2 maintenance technicians 

-8 operators 60.000 

 Replacenent material 100.000 

 Photographic processing 176.000 

TOTAL 356.000 

9.3 - Sunrary o? the Station Total Cost 

The cost of the Tracking and Receiving Station Shown in 

Table 9.1 (US$ 1.000.000) would be increased by US$ 150.000 (to make 

possible the receiving of DCS signais and storing o? PCM telemetry not 

estimated in Table 9.1) and another US$ 50.000 for the acquisition of 

some reserve units which be almost indispensable. Then the cost o? the 

Tracking and Receiving Station would be US$ 1.200.000. The operational 

cost for a year would be US$ 140.00, as shown in Table 9.2. 

W. 
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The cost of the investnent for the acquisition of the 

Iniage Processing Station would be increesed by US $270.000, correponding 

to additional tape recorders; this would result in a total of 

US$ 3.020.000. The operational cost for a year would be US$ 356.000, as 

shown in table 9.4. 

Suminarizing, we would then have the total cost of the 

investrnent and operation for a year: 

PURCHASE INVESTMENT 	 PRICE (l1S) 

Trackinq and Receiving Station ............ 1.200.000 

Image Processing Station .................. 3.020.000 

4.220.000 

ANNLJAL OPERATION 

Tracking and Receiving Station 	 140.000 

rmage Processing Station .................. 356.000 

496.000 

Then, the investment in the purchase of the equipment 

In Cruzeiros, considering the presente rate of exchange for the 

doilar ... (Cr$ 5.845) will be Cr$ 24.665.900,00. 

The disbursement of this arnount of money occurs In 

accordance with the Chronogram of Fig. 9.2; it aliows for 25% of the 

total at the signing of the contract with the firms; 15% of the total 

at the end of the second, third and fourth rnonths after the sioning 

of the contract; 20% of the total at the shipping of the equipment; 

10% of the total at the end of the Instaliation. 

II: is convenient to reinember that the finos proposinq 

to seil the equipment for the station are interested in trying to qet 

international flnancing. 
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CHAPTER 10 

STATION 	IFIPLANTATION 

C EI R O N O 6 R A M 

The launchiny of the sateilite ERTS-A is forecasted to 

take place i  the week of June22,1972. Ifthe order is made i  May, the 
receiving and recordinj part will go into operation in Noveruber 1972, 

and the irnage processing part two nionths later. 

Satellites for exploration of the Earth resources such 

as the EOS and possibly other ERTS will secure continuity of the 

prograrn. 
Table 10.1 shows the chronogram for the implantation 

of the stations; this table shows that the buliding where the station 

will be installed must be concluded by early Noveruber 1972. 
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CHAPTER 	ii 

CONCL U 	1 0P4 

It is hoped that the previous chapters have inade it 

clear that the instailation of the mentioned station in Brazil 

will represent a priceless technique in the surveying and preservation 

aí the resources of the country. 

INPE's effort to provide Brazil with such a station 

is of relevant importance mainly in the part concerning the solution 

of fundamental probiems of the country, such as those enunierated in 

Chapter 1 

The IMPE proposed station in its complete version wili 

permit Brazil to receive data from ali the national territory and 

transform them in a group of seven photographs in the spectrai 

bandwidth of the visibie and near infrared; these photos couid be 

distributed to ai] Braziiian entities interested; this group of 7 

iniages (3 provided by the television system and 4 by the scanner 

system) is renewed every 18 days, due to the repetitive coverage of 

the sateiiite. This station inits more complete version would cost 

Cr$ 24.650.000,00. 

Brazii 's participation in the ERTS prograni and consecut-

iveiy in the future prograin of exploration and surveying of Earth 

resources, using orbital platforms, wili result in enormous benefits 

to the country by relativeiy 10w costs as compared to other niethods 

of surveying. 
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APPENDLX A 

S E N S I N G EQUIPMENT 0 	TRE 

A M E R I C A N ORBITAL STATION 

SI(YLAB) 

Some of the sensing equipment to be used in the ex-

perinents for observation of the Earth inciude: 

1) Multispectral photographic equipment (5-190) 

This experlment uses six 70 m high precision cameras with matching 

between the dlstortion and lenses of focal distance of 15.2 cm (21.2 °  

field of vlew through planes) giving an area coverage of 163 x 163 km 

(88 x 88 nauticai miles) and a photo scale of 1:2,800,00 . The lenses 

are aligned and mounted in a panei of simpie lenses with its parailel 

optical axes less than a minute of are. Images will be registered 

within 5 mirrors of error. The cameras are equipped with synchronous 

obturators, offset for the movernent of the spacecraft. It is expected 

that the system reaches a resolution (fiim-lens) of more than 100 

lines jrml1ne', in color. The effective ground resolution may be 

approxlmately 30 meters. The system Is designed for the foliowing 

spectrai contination of wave/film length: 

0.5 to 0.6 microns 

0.6 to 0.7 niicrons 

0.7 to 0.8 microns 

0.8 to 0.9 microns 

0.5 to 0.88 microns 

0.4 to 0.7 microns 

Pan X biack and white flIm 

Pan X black and white film 

Black and white lnfrared film 

Black and whlte infrared film 

Color infrared 

Color Hi-Res 
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The spectral band covered by mission S-190 in general corresponds 

to the spectrum coverage designed for nultispectral scanners and 

"Return Beam Vidicon" (RBV) of the ERTS. Similar sensors will be 

used In airplanes to pernit the correlation of simultaneous ob-

servations of Um "SXYLAB", ERTS, aerial and terrestrial. 

ii) Multispectral Scanner (S-192) 

This sensor will provide radiation values in severa] spectral 

bands through scanners with angle of 10 0  to produce strips 	of 

78 km. Each strip will have an instantaneous field of view 	of 

80 m2 . The spectral bands are approximately: 

0.410 to 0.460 microns 

0.460 to 0.510 microns 

0.520 to 0.556 microns 

0.565 to 0.609 microns 

0.620 to 0.670 mícrons 

0.680 to 0.762 microns 

0.783 to 0.888 microns 

0.980 to 1.080 microns 

1.090 to 1.190 microns 

10)1.200 to 1.300 microns 

1.550 to 1.750 microns 

12.100 to 2.350 microns 

10.200 to 12.500 microns 

iii) The set of cameras considered for the "SKVLAB" consists of a 

nodified camera Hycon KA-74. This equiprnent has a lens with 

focal distance of 18 niles ilong and produces images of, 

4.1/2 x 4.112 inches in film rolis of 5 inches width. The equi 

ment was qualified for use in manned sateliltes but, although 

it mlght be used for vertical and oblique photos, it is not 	a 

mapping camera. 



The equipment being considered for the possible future 

fllghts of the "SKYLAB" II ar III includes a carnera for ground rriapping 

with a focal length of 12 inches, with film forinat of 9 x 14.1/2 inches, 

for whlch lenses giving adequate aperture rnay be obtained: a camera ai' 

stellar altitude wfth focal length of 6 inches using 70 nin film, a laser 

altimeter and a canra of focal lenghtof 12 inches with filrn forniat of 

9 x 18 inches. A panoramic camera of the lunar prograni may be used, too. 

This carnera has lenses focal length of 24 inches, 1080  for scannirig, 

casement of 4.1/2 x 45 inches, aperture F3.5 and is capable of producing 

1.650 exposures. 	It is considered that photos from this carnera would 

give details of mapping in the scale of 1:50.000 and 1:25.000. Copiers 

of rectification and transforniation which duplicate essentially the geo 

netry of the adopted system are being developed. 
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CAPÍTULO 1 

INTRODUÇÃO 

1.1 - Ctnsideraç6es Gerais 

A finalidade deste documento & apresentar o estudo de 

Una estação terrestre destinada a recer no Brasil as informa 	tram 

mitidas pelos satélitis da série ERPS, sendo que o primeiro deles 	será 

lançado pela NASA, (agência espacial dos EEUJ), au junho de 1972. 

Electric, (firma amtratada pela MSA para fazer o estudo do programa 

ERIS), o satélite e o sistema de gravação do mesmo teu vida útil previs 

ta para trn ano e mil horas de operação respectivamente. 1,evark5o au wn 

ta que os dados obtidos pelo ERS são de grande utilidade para um níre-

ro elevado de países, pode-se estimar que as mil horas de operação pre-

vistas para o gravador serão atingidas eu aproximadamente 6 meses após 

o lançamento do satélite. Para que as infonnações destinadas & Brasil 

não sejam interrompidas, o mesmo deverá recebê-las diretamente do saté-

lite mediante aia estação de terra. Caro aia estação instalada eu terri 

tório brasileiro ~irá tantn outros países sulanericams, o Governo 

Federal poderá eventualmente entrar au aontato aiin os governos destes 

outros pai ses, para sondar o interesse dos mesmos no programa. 

(Yn tal estação, o Brasil terá meios de monitorar conti-

nuanuite as riquezas de to o território brasileiro. Nien nen dia te-

retos inforna6es eu forma de imagens e fitas magnéticas digitais, dos 

mais remotos e longitqUDS pontos do território nacional. Estes dados çc 

derão ser fornecidos a todas as agências brasileiras, privadas ou não, 

que estejam ligadas à Cartografia e ao Levantamento e/ou Exploração de 

Tcursos Naturais. 
A participação do Brasil no programa ERFS e nos futuros 

programas de satélites de recursos naturais, tornaria possível: 
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- Desenvolver iri mapa de uso das terras de todo o território bra-

sileiro; 

- Classificar por áreas as características geológicas e do solo 

de talo o Brasil; 

- Desenvolver um mapa agricultural para o Brasil; 

- Desenvolver ir mapa das reservas florestais brasileiras; 

- Reduzir perdas na agricultura através da identificação rápida 

de infestaç6es de pragas; 

- Planejar a distribuição para talo o Brasil da produção anual, 

através da estimativa das ailheitas por áreas; 

Atrentar a produção através da determinação das características 

do solo e controle das reservas deágua; 

- Planejar rielhor o desenvolviriento rural e urbano; 

- Identificar feiç&s g&d&jicas tais aro falhas, estruturas, b 

bras; 

- Monitorar fenErenos dinâxnis tais aro salilTentação, rinlarças 

litorâneas, erosão, crescirrento das colheitas, nível das reser-

vas de água, etc.; 

- Avaliar o desen'.vlvlsento na abertura de grandes estradas tais 

aro as an construção na região amazônica; 

- Coletar dados de estaç6es fixas eu pontos rntos do territ&-

rio brasileiro, tais aro: nível das águas dos lagos, &s reser 

vatór los e das represas; umidade de solo; teiperatura das super 

fícies; salinidade do oceano; correntes oceânicas; poluição at-

nosférica; direção e velocidade dos ventos, etc.; 

- Fazer wn inventário das nascentes de águas; 

- Identificar, tronitorar e avaliar a poluição da atmosfera e das 

- Aumentar a prcx1ução da pesca através da localização Ss wneir 

tes marítimas frias, das áreas biologicmite ricas e das condi 
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ções de temperaturas ideais para a pesca; 

- Planejar melhor as viagens nurítiiies através das crilições de 

mar detet&Àas; 

- Detetar grandes desastres de navegaão; 

- Fazer levantateit.o cartográfico de todo o território brasiieirq 

- Fazer levantamento das coberturas de nuvens; 

- Prover info~ com inferências dategráficas, etc.; 

- ?tikr planejar a ocupação de áreas ca n a Nnazõnia, bem cnto 

fiscalizar tal ocupação de tal maneira que ela seja feita racio 

naliTente, sem rczpinento do equilíbrio ecológico. 

1.2 - O tio Ambiente Brasileiro e as Imagens Coletadas por Satélite 

fia das maneiras de tirar proveito de ira imensa região 

t o interior do Brasil, ira área de 6 milhões de quil&tetros quadra-

dos com tua densidade populacional de apenas 2 habitantes por qu.i]fre-

tio quadrado, seria desenvolver no iresin atividades compatíveis com a 

sua vastidão e bafo Irdice de povoamanto. Essas atividades pcx1erir frú 

ciaisiente se restringir a pontos, ai áreas limitada s avie a ênfase deve 

ria ser colocada na exploração dos recursos naturais locais. A capabili 

dada do satélite para cxtrir extensas áreas da superfície da terra an 

aflo espaço de tapo e cem despesas relativamente moderadas se casa PEr 

feitamente com a necessidade de iri amplo levantanento inicial dessas re 

notas áreas. Esse levantamento básico por sua vez possibilitará a i-

centraçãc) de posteriores levantamentos; com aeronave ai m&tcxbs convenci 

onais de superfície au áreas relativamente peiuias. 
CYn relação às regiões intermediárias, entre as 	áreas 

itrais e a costa, taitán vasta, cru cerca de 2,5 milhões de quilâie-

tios quadrados porém, au contraste, cnn ira densidade populacional da 

ordem de 35 hab. par kin2  uso de sensores au aviões, voando a grandes 

altitudes ai au plataformas orbitais, além de permitir a descoberta de 

novas fontes de recursos naturais ou adicional exploração de fontes pro 

dutivas já existentes, será certamente muito útil na exploração eáni 
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ca e ir coíntrole da agricultura e das florestas mii nivel regional. As 

necessidades de infomnaçôes correntes sobre o uso da terra e sobre o 

aescinElto e cnxliçk das culturas apresentam ira quase ilimitada de-

manda dos dados coletados por sensorisnito remoto. Dados colhidos de 

alturas orbitais Si iri especial significado para ir pais onde a agril 

tira extensiva preàrdnante e as florestas não, eu geral, gigantes-

cas. Os dados coletados para os especialistas eu agricultura e silvicul 

tira serão provseLaite de igual importância para ge6grafos e planeja-

dores interessados eu atplos deseivolvliientos regionais. H, por outro 

lado, atualmente ir Brasil, esforços organizados mc sentido de solucio-

nar os pr&lenas de desenvolvimento ectn&uicn de imensas regiões axi 

caracteristicas extrenanente diferentes on a tinida Bacia Amazônica e 

o seco Nordeste. 

flu exarplo de aplicação de dados 9ttire solos, colhidos 

por satélite, seria o da ajuda na mudança das condições existentes ice 

"caupos cerrados", eroitrs numa área de cerca de 1,5 milhões de qui 

lâietros quadrados ir Brasil Central e na regia, intermediária supra-c1 

tala. Pesquisas Si mostrado que o prttleta & essencialmente de alta 

acidez do solo, que pede ser minlmizada através da adição de calcreo 

d]anitio e de fertilizantes. 

Ao lczigo da extensa costa brasileira ar mais de 7 mil 

quilómetros, dados colhidos de altitudes orbitais poderiam delinear os 

contrastes de temperatura que caracterizam os attnrms da oriente do 

Brasil, nas cristas sul e Leste, e das =rentes de Faliclards (Malvinas) 

que cheqan às  pratas do extremo sul durante o inverno. Aln de senti 

importantes; para a navegação, estas informações apresentam correlaç&i 

com o novirrento das comunidades biol6gicas marinhas, e cxtsajuenteiente 

ar a pesca arercial. 

1.3 - Levantanento sistanAticx' de Recursos Naturais e as Imagens de Sa-

télites 

Or o levantairento, eu 5 etapas, a seguir mostrado, pro-

cwc*a-se apresentar, a tibilo de ilustraç&', nu programa gen&riw que 
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LEVANTAMENTO SISTEMÁTICO 

NIVEL DO LEVANTAMENTO SENSORES 	E SÍTIOS NO SOLO 

ESCALA DAS IMAGENS COBERTURA 

1- NÍVEL 	ORBITAL IMAGEADOR 	MULTI-ESPECTRAL PONTOS 	DE 
CAMARAS DE TELEVISÃO E CONTROLE 

FOTOGRÁFICAS 

MINI-ESCALAS 	- (COBERTURA 	GLOBAL E REPETITIVA 

2-NÍVEL DE RECONHECI- RADAR 	DE VISADA LATERAL E PONTOS 	DE 

MENTO A GRANDE ALTURA CÂMARA 	MÉTRICA 	(TOTAL) 1  CONTROLE 

CAMARA MULTI-ESPECTRAL (PARCIAL) 

MINI A PEQLJENAS-ESCALAS 

VERDADE DO NIVEL 	1 

3-NÍVEL DE RECONHECIME- MAGNETÓMETRO 	( TOTAL) PONTOS DE CONTROLE 

NTO A MÉDIA 	ALTURA E CÂMARA MULTI-ESPECTRAL E ESTAÇÕES 	MAGNE - 

(PARCIAL) TOMÉTRICAS 

ESCALAS MtDIAS OBSERVAdO 	AÉREA VISUAL 

(VERDADE DO NÍVEL 2) 

4-NÍVEL DE D€TALHAMENTO c;MARA 	MÉTRICA, SENSORES GEOFÍSICOS, VIAGENS DE CAMPO 

A MD4A E BAIXA ALTURA IMAGEADOR 	MULTI-ESPECTRAL ( ÁREAS ÀS 	ÁREAS ALVOS 

ALVO 

ESCALAS MÉDIAS A MAXI OBSERVAÇAO 	AÉREA 	VISUAL 

IVERDADE 	DO 	NÍVEL 3) 

5- TERRENO GEOQUIMICA 	GEOFISICA, ESPECTROMETRIA. BASES 	AVANÇADAS 

VERDADE NO SOLO) HIDROMETRIA, ETC DE EXPLORAÇAO 

mini-escalas: 1:1.000.000 ou nuores 	Grandes escalas: em torno de 1:5.000 

Pequenas escalas: 1:30.000 ai menores 	Maxi-escalas: 1:2.000 ai maiores. 

Escalas rr&dias: 1:25.000 a 1:12.000 
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permitiria executar a partir de imagens de satélites rápida e ecxxàuica 
=te: 

- mapeanEntos regionais; 

- napeanentos seletivos das áreas mais pnnissoras para o desen 

volvinento de i.ra determinada região. 

Nesse programa estabeleceu-se elos de tira cadeia de de-

pendência, ar detalhanEnto crescente, onde presume-se que tia nível de 

deta]bnnto possa servir OITO "verdade" para o nível que lhe .antec 

além de trazer ira contribuição de rKwas inforn3ç6es, o que dele usual-
nente se espera. 

Can isso visar-se-ia obter ia sistema de filtragem que 

possibilitando seleção de áreas mais promissoras au cada nível de levan 

taiento conduzisse a tia processo de rápida r&ição de áreas, onde a a-

valiação ou Interpretação de dados sobre áreas maiores permitisse a rá-

pida eliminação das partes dessas áreas que mostrassem menos potencial. 

A fim de neiltr situar o problema apareceu a seguir algu 

nas Informações sobre o veículo de coleta e o tipo e formato dos dados 

prnuzi&s * 

1.3.1 - Nível de levantamento Orbital 

1.3.1.1 - Satélites ERI'S 

O primeiro Satélite de Tecnologia para Recursos Natu-

rais, conhecido aro Ekcvs-A, airo já dissemos anteriormente, será lança 

do pela NSk eu junho de 1972. Maiores informações sobre o mesmo e seus 

equipamentos sensores e de gravação, serão apresentadas ao longo deste 

trabalho. 

1.3.1.2 - Laboratório Espacial (SKYLAB) 

Além dos satélites da série EM, a N1½37%k lanará eu 1973, 

ira estação espacial experimental, com três tripulantes, c,j,ecida aro 
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NJ(tflfl %J(5}J& • Essa espanave orbitará eu altitudes de 435 fln (235 

milhas náuticas), rnrna inclinação de 56 0 
 e receberá tripulação durante 

três períodos, o primeiro de 28 dias e os segundos e terceiros de 56 

dias. Niri período total de 8 meses, ter-se-á, praticamente, 5 meses de 

operação tripulada. 

Além de tri grande nCrero de experimentos científicos, es 

tio programadas para esse projeto, observações da Terra • Caro o territô 

rio nacional ficará inteiramente coberto por érbitas de 500  de Inclina-

ção eu relação ao apador, essas observações serão de particular inta 

se para o Brasil. 

?'b J\pêrkiice A está apresentado ira descrição dos equipa-

mentos sensores da Estação Orbital. 

O Brasil, por interuMio do INPE, fêz proposta à NPJSA pa 

ra tamh&n participar deste programa. 

1.3.2 - Nível de Reocnheciuento Aéreo a Grande Altura 

Para exemplificar este nível tcuanos o caso do levanta-

mento da Região Amazônica, onde está sendo utilizado, para aquisição de 

dados de radar e fotográficos, um CRAVEIZE, da LASA Engenharia e Pros-

peções S.A., voando ai.ra velocidade de 700 1/tra (380 rés) e a una 

altitude de 11 a 12.000 metros (36 a 40.000 pés) acima do terreno. O ra 

dar de visada lateral (SLAR) utilizado, do tipo abertura sintética Gocd 

year modelo 102, apresenta una resolução espacial melhor do que 20 ite-

tros eu talos os pontos da imagem. Furcicna na faixa "X" (3 au de am - 

prinento de arda). 

!tbios os vôos, controlados por sistema de navegação iner 

cial, são executados ao largo de linhas ia orientação N-S, fazendo tira 

varredura lateral de 37 Tn de largura, axn as varreduras ajacentes su-

perpostas de 20%. A apresentação dos resultados está sendo feita em no-

saicx,s, de 19 x 1,5° , na escala de 1:250.000. 

A amarração geográfica das linhas de vEio vem sendo obti-

da pelo eiprego de estações STIDIWI, ar coordenadas geográficas deterini 

nadas por  observação de satélites TRN4SIT (operadas pela LASA e AEIO- 
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Além do radar, está sendo utilizado ira câmara métrica 

ZEISS, com lente super-grande-angular, provida ar filme infraveniSbo 

falsa-ar. O seu cançx de visão permite superposição a'in as imagens do 

radar. 

As fotos estão sendo tiradas ar 60% de superposição 1cm 
gitixlinal e pequena superposição lateral e são apresentadas rc fctinto 

do filme, 23 x 23 au (9 x 9 pol.), num escala de 1:130.000. 

Simultaneamente ar as fotos da câmara métrica Si sendo  

cbtidas fotos multi-espectrais, eu branco e preto, por meio de iria câna 

ra de quatro lentes i 2S. A escala é de 1:73.000, ar quatro imagens dis 

postas eu quadrai, num único filme de 23 au. A wbertura, é portanto, 

parcial, quase 25% do total. 

1.3.3 - Nível de Reconhecimento Aéreo à Média Altura 

?b terceiro nível, que seria de reconhecimento aéreo eu 

escala regional, desta feita executado eu alturas médias, procurar-se4a 

conciliar o emprego de um sensor geofísiw, o imgnetânetro, hoje ansi-
derab aro requisito bsico para o reconhecimento cjeolõgico de grandes 

áreas, aro o de fotografias akeas multi-espectrais, au escalas de uso 

corrente entre os foto-intérpretes interessados nas datais disciplinas. 
A altura de vôo neste levantamento, que poderá ser quall 

ficada aro de transição, seria entre 9.000 e 11.000 pés acima do terre 

rio (3.000 tu nominais) a2u Linhas de vôo espaçados de 5 lan, cortadas por 

transversais cada 25 lan. 

}b que se refere às medidas obtidas art o magnet&iietrc>, 

seria possivel a sua apresentação eu mapas, ar o cauw garagntia 
principal removido, rrcstrarxb contornos a intervalos de 25 ganas, numa 
escala de 1:1.000.000. Os dados magnéticos seriam registrados eu forma 

digital, o que permitiria o uso extensivo de computadores na  compilação 

dos mapas. 
Para obtenção dos das fotogrfioDs seriam utilizadas, 

as câmaras ntilti-lentes dotadas de lentes e filtros adequados e de iri 

único filie, ou então conjuntos de câmaras, cada ira provida da deseja- 



9. 

da cxubinaç&o de filme—filtro. na ambos os casos as distancias focais 

das lentes empregadas deveriam permitir a tanada de fotos eu escalas da 

ordem 1:20.000. 

Para o controle das linhas de v& . e sua amarração geo-

gráfica, seriam empregados sistemas de navegação lnerciais ai  

Cabe observar que não foi prevista a utilização de ou-

tros sensores, tais amo eletxnnagnet&etivs, hnageatres térmicos, es-

peotrênetros de radiação garra ou de mercúrio, por serem as suas altitu-

des rnximas de erprego a&reo mito pequenas e, portanto, iricnrpativeis 

oxi a especificada para esta etapa. 

As duas etapas precedentes, onde procurar-se-ia 	tirar, 

Partido de sensores suscetíveis de aplicação eu larga escala, serian nu 

plereni-adas pela que acaba de ser esboçada, na qual sugere-se tu levan-

tamento de transição do regional para o local. Este levantamento, eu 

crnitç6e3 aceitáveis de deseipenho, tempo ,  e custo, forneceria dados que 

por sua natureza e grau de definição permitiriam estudos riais seleti-

vos • As inforniaç6es, obtidas por interm&Jio desses levantamentos, certa 

rente possibilitariam, não só .rnjanento básico, v a .escolha das á-

reas mais pranissoras que seriam os alvos dos levantamentos detalhados 

oxivencicnais mencionados a seguir. 

Essa seleção seria, evidentemente, facilitada por isti es-

tudo das infornaçes existentes sobre a região e pela consideração dos 

dados colhidos durante a observação aérea visual, taut&rt prevista para 

esta etapa. 
O cxmj unto dos dados acunvlalos na terceira etapa servi-

riam carro a verdade" para os níveis de reconhechrento precedentes. 

1.3.4 - Nível de Detalhamento Aéreo à Média e à Baixa Altura 

Os serviços de levantamento detalhado das áreas selecio-

nadas oiiv mais promissoras na etapa anterior, exigiriam au plarejanen-

to especifico para cada caso. Certas providências pareceu, it entretan- 

to, imprescindíveis. Esta nesse caso, aia medida preliminar que 	visa 

eliminar as naturais Jwertezas dos processos interprqarativos: 	aia 
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curta viagr, de reconhecimento no terreno, is áreas qualificadas 

promissoras. Provavelmente, os dados de maior interesse a serem obtidos 

in loca seriam geoqulmicos. As distincias e as dificuldades de acesso 

seriam fatores considerados na classificação prioritária das áreas pro-

missoras. 
fln princípio, nesse nível, seria considerada a utilização  

certanente em sistemas orbinaàos, dos seguintes sensores: 

- imageadores (térmicos, rt visível, no ultravioleta, 

etc); 

- Magnetâletros; 

- Eletranagnetàtetros; 

- Espectrâietms de nerabrio; 

- Espectr&ietros de radiação gana. 

'flxbs esses sensores deveriam ser utilizados em vôos a 

baixa altura. A plotagen dos dados coletados seria na escala dos fobrtt 

saia,s obtidos por abertura fotogrfica aérea nas escalas mais omverÁi 

entes is necessidades cartogrificas de r.Ma  £rea-alvo. 
Da nesta forma que na 3a. etapa, os vôos continuariam a 

ser aproveitados para observação visual. Este nível serviria como "ver-

dade" para os níveis precedentes e, ~ante tira reavaliação das áreas 
nele qualificadas avo promissoras, permitiria ara seleção final claque-

las que mereceriam os estudos da etapa seguinte. 

1.3.5 - Terreno 

artora os levantamentos; reste nível estejam qualificas 

aro da "verdade m solo", os trabalhos que seriam nele realizados deve 
rir, t.Lên, ter nu cariter exploratório. Os sítios eso1hiôos deve-
riam ser considerados aro bases avançadas de cçeraçio relativamente 

prolongada e, resto aro eventuais polos de desenvolvinento da área. 
Nestas anuç6es estariam justificados maiores investinei 
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tos no desen1V1rTefltO das áreas escolhidas. Desenvolvinetto que deve-

ria, por exemplo, incluir a cxinstxuç3o de canws  de pouso e outros re-

cursos materiais que, permitindo permaiticia mais demrada de pessoal 

te local, possibilitassem 'ra execução eficiente dos tr&alIcs de caiu- 

1»• 
De fama mais critica que na etapa anterior, as pesqui- 

sas te terreno a serem executadas nessas áreas deveriam ser objeto de 

cuidaàDsos planejamentos específicos. 
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CAPÍTULO 2 

O SISTEMA ERTS 

O controle e a conservação das reservas naturais da ter-

ra é vital para o futuro da humanidade. fia tentativa para este contro-

le e conservação será feita através do Programa ERPS (Earth Resources 

Techrology Satellite), sob a responsabilidade da N1SA. 

O EJtrs-A será o primeiro de tina serie de satélites, de-

veTdo ser lançado eu junho de 1972, ari vistas a prover os primeiros da 
dos sobre os recursos naturais e culturais da Terra colhidos de ira uta--

netra sistan5tica. Este satélite aiu una vi da útil prevista para um ao, 

terá tira órbita circular quase polar, síncrona axu o sol, de nodo que 

cada ponto da superfície da terra será sensoriado repetitivamente a ca-

da 18 dias sempre na mesma hora. O satélite transportará tri linageador 

utiltispectral (MSS - Multispectral Scanner -), um  conjunto de três cáma 

ras vidians (RV - Returu Beam Vidicon - ), dois gravadores de bania 

larga (WBTR - Wide Bani Tape Rectirder - ) e um sistema de coleção de da 

dos (rcs - nata Collection Systeri - ); este últino para a aquisição de 
dados transmitidos por plataformas de coleta de dados (IX? - Data fl,1-

lection Platfonts - ) sediadas eu pontos estratégicos da superfície da 

Terra. O satélite terá também, cnipletentando os dois sistemas senso-

res (imaqe&br e vidicrns), epjipanentos para transmitir para estaçôes 

receptoras de terra os dados coletados pelos sensores e informaç6es re-

lativas ao funcionamento dos mesmos e do satélite em si. O satélite 

transmitirá tairbên sinais de simronização e cal ibração juntamente tnu 

as informações captadas pelos sensores. 

Os dados provenientes do P455 e 113V, os sinais do ix5, os 

sinais de rastreio e as informações sobre a operação do sistema serão 

transmitidos para a terra na faixa de frequência de micrwndas (ban-

da S). au terra tais dados serão recebidos, gravados, e posteriornente 

convertidos eu imagens fotográficas e fitas digitais de acesso dirdo ao 

cxrput&or. 



13. 

O programa EMS, é o precursor do programa EROS, 	que 

consta de satélites de observação dos recursos terrestres (as) e que 
deverá ser inp1tntacb pela NPSA na segunda metade da dkada de 70. 

2.1 - Os sensores 

A bania espectral coberta pelos dois tipos de sensores 

(RPV e Msg) foi escolhida com grande cuidado e ar a ajuda das várias 

agências usuárias do programa ERI'S. As câmaras de televisão (RBV) foram 
projetadas para as seguintes faixas espectrais: 

0 9 475 - 0,575 microns (azul - verde) 

0 3 580 - 0,680 rnicrons (laranja - vernelkc) 

0 5 690 - 0,830 microns (vermelho). 

A bania inferior, 0,475 - 0,575 micras permitir o est 

do, por exemplo, de áreas cnie predomina água. A faixa superior, 0,690-

0,830 micntsj, centrada reis ou menos em 0,750 rnicrons (pia de radiação 

para a clorofila), permitirá o estudo de áreas cobertas por vegetação 

verde. O limite superior de 0,830 inicrons representa a resposta limite 

do sistema de televisão. Acima deste limite situam-se as ixlforTta?ões do 

infravermelho, tarMn requerida pelos usuários cio utiS para fornecer 

estas Informações e tant&n cobrindo a mesma faixa cio sistema de tele-

visão, foi especificado o imageador multispectral (7.155). O MS fornece 

infornaç5es nas seguintes banias: 

0,500 - 0,600 inicrais (verde a laranja) 

0 1 600 - 0,700 miaabs (laranja a verTPlFo) 

0,700 - 0,800 mia=s (vernellc a infravermelho pró- 

xiim) 

0,900 - 1,100 micras (infravermelho pr&dno). 

As três primeiras na parte do visível do espectro e a iil 

tina rt infraverneiho pr&dno. fln cada banda existem seis fotodeteto- 
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res. Um sinples varredura do espelho do imageador niltiespectral fome 

cerá inf=4es sobre iria faixa de 100 milhas náuticas para todos os 

24 fotodetêtores. A tabela 2.1  nostra as características principais dos 

dois sensores (RDV e MSS) e do gravador de banda larga (WWrR) do satê-

lite. 
A resolução ou definição das imagens nultiespectrais re-

sultantes dos dois tipos de sensores são da ordem de 60 a 130 metros, 

mas foi previsto que alguns objetos de dimensões nertres podem ser &sc 

bertos e recxmheciãas. As imagens terão escala de cerca dê 1:1.000.0ff 

e poderão ser-transformadas, eu terra, eu fatos branoci e preto para cada 

banda espectral de nQla sensor. Assim, para cada área de 106 x 100 mi-

lhas náuticas exisUro sete imagens. Ainda, em terra, as várias ima-

gens poderão ser crpostS de maneira a fornecer imagens coloridas ou 

eu falsa ar. 
O segundo satélite de tecnologia para recursos da terra, 

Ettrs-R, terá esserciainente as magnas especificações do MS-A, exceto 

pela adição de ira faixa espectral extra rc hnageador multi-espectral. 

(10,4 a 12,6 miaais - infravermelho térmico). 
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'I73EtA 2.1 - c7c1tT4S'rfls DOS SEN9D 1V-MS E WS GRAVADMS II W1flk 

Ittr;ijL4:lbfl 

ckPÃs RRV 

C7,PPCTEPÍSTICP,S Câtnra nQ 1 Cârera n9 2 CSnera nQ 3 

Faixas Fspectrais (naitietros) 475-575 580-680 690-830 
i1uçio (centro) 4500 TYL 4500 'IVL 3400 TYL 
Peso1ção nas e~da3es (% docentro) 80% 80% 80% 
Rei.açao sinal-ruído 33 dB 33 dE 25 dE 

Faixa Dirâiiica 50:1 50:1 50:1 

Escala cinza 10 10 8 
Razão de varredura horizontal (linhas/seg) 1250 1250 1250 

nruero de linhas varridas 4200 4200 4200 

¶'sito de Leitura (seg) 3,5 

Targura da faixa de video (?'tz) 3,5 3,5 3,5 

IWro entre taradas cansecutivas (seq) 25 25 25 

te'w de excosição (milisegws) 8, 12 ou 16 8,  12 ou 16 8,  12 ou 16 

flistorção da tniag&'t (TTX1JtIa) 1% 1% 1% 

flnageador F4ultiespectxal MISS 

Faixas espectrais (micr,$) canal 1 0,5 a 0,6 
canal  0,6a0,7 
canal) 0,7a0,8 
canal  0,8a1,1 

canal 5 10,4 a 12,6 (EICS E apenas) 

Frsuência de varredura 13,6 Hz 

Eficiência de varredura 50% 

Detetores/bania/varredura (canais 1,2 
3e4) 6 

CTÇXD de visão instantânea 	) 260 ft x 260 ft 

Salda Multiplexada 15 !t'ps PO4 

Gravador de Banda Larga - WBVrR 

Princípio de Gravaç Varredura Transversa 

T6crtica de Processamento de vídeo EM 

Largura da Fita 2 iii. 

Qxprizreto da Fita 2õ00 ft 

!r91xD de Gravação 30 minutos 

Largura de Faixa ',C
~7. {C ao), 't a 

T1ak Sinal-ruido 42 dB p-p/rme a 2,5 MHz 

Resposta Transiente Aprox. 5% pico  
- 3% Linearidade 
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2.2 - A Órbita 

A órbita &i satélite é circular, quase polar, sol-sin-

nia, e mantém ira inclinação constante de 99,088 graus. Com  esta óxbi 

ta, os sensores do satélite imageaiio ira nnia área serpre ar a nesta 

iluminação solar, sendo assim mais sinples detetar diferenças na vegeta 

ção e nos níveis de água. O satélite irá cobrir ira faixa contínua de 

100 milhas náuticas (185 km) de largura e retornarA para i.inagear ira nes 

na érea, na Trefl hora local, cada 18 dias. Os equipamentos ntrolak,-

res da altitude do satélite detet.am erros de posição de nulo que o saté 

lite seja posicionado corretamente ar erros inferiores a 0,7 graus ar 

relação aos trés eixos de posição. 

Os parâmetros orbitais do ERTS são ajustados de nrx3.o que 

faixas adjacentes tenham tina superposição de 10% au cada lado, na ausén 

eia de erro de atitude. 

A órbita do EFCrS tem o sEimi-eixD maior igual a 7.300 Im 

e t.n período aproximado de 103 minutos. A longitude geogrAfica de passa 

gens subsequentes do ucis sob o ajus&,r se desloca de 25,8167 graus pa-

ra o oeste. Coberturas de faixas adjacentes ocorrem a cada 14 revolu-

ções e estão separadas au lor.gitaie de 1,4338 graus, ou seja, 160 kti no 

equador. No fim de 18 dias, ou da conclusão de 251 revoltç6es, o perío-

do de abertura é ccupleta&). A tabela 2.2 mostra alguns paratetros or-

bitais nominais. 



PAP»IE"rw:E ORBITAIS ÓRBITA }DWL 

Altitude 492,35 nn 
(910 lan) 

Inclinação 99,088 graus 

Pertoo 6196,015 seg 
(103 min.) 

Excentricidade 0,0001 

Mora local na qual o sa 

t1ite cruza o equador 
09-30 ti  

na descida 

tXiraço & ciclo de a- 18 dias (251 rers) 
bertura 

Distância entre trajetõ 
86,028 m 

rias adjacentes rc eiva (160 1cm) 
dor 

17. 
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CAPÍTULO 3 

ENLACES DO ERTS 

A alocaço das frequ&ncias e as faixas ocupadas Previs 

tas para o Efl'S-A e E são as seguintes: 

Enlace 1: USE - enlace de subida para comando 

Portadora de m: 2106,4 MHz 

Banda ocupada: 3,6 MHz 

Modulação: PO4/FSK - Rh/PM 

Enlace 2: ?'S - enlace de descida (dados do MSS) 

Portadora de FF: 2229,5 MHz 

Banda ocupada de 1W: 20 MHz 

Modulação: PcZ/rSX 

Velocidade de inforrnaio: 15 Mb/seg 

Enlace 3: 1V - enlace de descida (dados do PBV) 

Portadora de PF: 2265,5 MHz 

Banda ocupada de video: 3,5 MHz 

Banda ocupada de 1W: 20 MHz 

Modulação: video/FM 

Enlace 4: USE - enlace de descida (dados de faixa estreita) 

Portadora de 1W: 2287,5 MHz 

Banda ocupada: 5 MHz 

Modulação: PM 

Enlace 5: VHF - enlace de descida (dados de teletria) 

Portadora de 1W: 137,86 MHz 

Banda ocupada: 90 1(Hz emergência; 30 KHz normal 

Modulação: PO4/PM 
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Enlace 6: ECS - enlace de subida para coleta de dados 

Portadora de PF: 401,9 MHZ 

Banda ocupada: 100 RITz 

Modulação: Pa'tsx 
Enlace 7: VIF - enlace de subida para ornando 

Portadora de RP: 154,2 MHz 

Banda ocupada: 30 KHz 

Modulação: PG%/PSK - MVN4 

Para recepção e processamento das imagens satente os en 

laces 2,3 e 4 sio importantes. O enlace 5 é un enlace de reserva para 

os dados de telemetria que sio transmitidos taiib&n no enlace 4 • A es-

tação do Brasil poderá eventualmente receber estes dados tarbém no en-

lace S. O enlace 6 £ usado para transmitir os dados das plataformas 

(sistema DCS)de terra para o satélite. Os enlaces 1 e 7 sio destinados 

ao ccznando e controle do satélite e a interrogação dos sensores; 	a 

estação brasileira rio necessitara de equipamentos para esses enlaces 

já que a NASA programará as nen6rias internas do satélite para que o 

mesto seja co'nandado quando estiver dentro de seu raio de cobertura. 

3.1 - Enlaces de banda larga (RBV e MSS) 

As características principais destes dois enlaces sio a 

presentadas na tabela 3.1 
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Frequência central 

MSS RBV 

2229,5 	MHz 2265,5 MHz 

Banda ocupada de RF 20 MHz 20 MHz 

PoScia do transmissor 20*watts 20 * watts 

'todulação PO4/FSK vídeo/FM 

* Potência de 10 ai 20 watts caTutivel. 

3.2 - Enlace de descida USB 

Este enlace tem capacidade para transmitir todos os da-

dos de banda estreita mais o sinal PR'I. 

As especificações gerais so as seguintes: 

Frequência da portadora: 2287,5 MHz ± 0,0015%, no modo não ooerente. 

240/221 vezes a frqu&ncia portadora do enla-

ce USB de subida, no modo coerente. 

Modulação: modulação de fase 

Banda ocupada de RF: 5 MHz 

necessário transmitir simultaneamente no enlace 	de 

descida USB cc seguintes sinais: 

1 - Sinal rcs 
2 - Sinal I4 de telemetria au tempo real 

3 - Sinal PO4 de tela,tria armazenado 

O sinal PCM de telaretria anriazeaio ncrivairrerte transmatido 

o graraio rns gtaYaiO3eS de fidxa estmi±a do satélite (NBTR). No caso de 
falha desses gravadores o sinal a ser transmitido é o gravado nos ca-

nais auxiliares dos gravadores de faixa larga (WBVTR). Portanto, duran 

te a reprodução dos gravadores, três sinais deveu ser transmitidos no 

enlace de descida TSR. Segue una descrição das características princi-

pais de cada sinal. 
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Sinal rx::s 

Descrição do sinal: onda sercidal ntdulada eu freqtncia 

Banda ocupada: 100 I(Hz centrada na freqtncia de 1024 RUz 

Sinal PO4 de telemetria em teltx)  real 

Descrição do sinal: sinal PO4 split-phase 

Velocidade de infomaçio: 1 kilobit/seg 

Ptxtabilidade de erro na deteção: nenor que 10_6  

Sinal PO4 de telatetria armazenado 

Descrição de sinal: sinal PO4 split-çbase 
Velocidade de informação: 24 kilobit/seg quando o sinal estiver grava-

do no NBTR, ou 1 kilobit/seg quando o sinal 

estiver gravado no WI3VTP 

Probabilidade de erro na deteção: memr que 10 6  

Para transmitir todos os trs sinais simultaneamente na 

portadora do enlace de descida USB & necessário empregar varias subpor 

tadoras. As stportadoras usadas são as seguintes: 

Subçortadora 

1024 KHz 

768 IHz 

597 KHz 

3.3 - Enlace de descida VElE 

Este enlace & usado para transmitir ou o sinal £04 de te 

letetria au terço real cxi o sinal £04 de telemetria armazena&.Este en-

lace & considerado oiro reserva para o enlace de descida USB. 
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As características gerais deste enlace são as seguintes: 

- Frequência central de transmissão. 137,86 tmfz 

- Banda ocupada pelo canal: 30 KHz, au tempo real 

90 KNz, armazenado 

Segue a descrição de cada sinal: 

Sinal PCI de Telemetria au taupo real 

Descrição do sinal: PO4 split - phase 

Velocidade de informação: 1 kilobit/seg 

Prcbabilidade de erro na deteç&o: menor que 106 

Sinal de telemetria armazenado 

Descrição do sinal: PO4 split - phase 

Velocidade de informação: 24 kilcbit/seg ou 1 kilcbit/seg 

3.4 - Enlace de subida USB 

Neste enlace são transmitidos os seguintes sinais: 

- "Pseudo ran&kn-noise (PM ranging signal" 

- Sinais de arando 

As características dos sinais são as seguintes: 

- Frequência da portadora recebida: 2106,4 MHz 

- Modulação da portadora: fase 

- Banda ocupada pela informação: 1,5 MHz 

- Frequência da subportadora de arando: 70 KHz 
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3.5 - Enlace de subida VHF 

Neste enlace são transuitidos os nens sinais de a-

mando do enlace USE de subida. As características gerais sio as se-

guintes: 

- Freqtncia da portadora recebida: 154,2 MHz 

- Modulação: PO4'FSK - N4/I'M 

- Índice de modulação da portadora: 80% AH (pio) 

- Subportadoras de rando: 8,0 KHz a 8,6 K}Iz 

- Velocidade de criando: 128 bps 

- Prcbabilidade de erro na deteção de citando: merxr que 10 6  

- Banda ocupada: 30 KHz 
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CAPtTULO 4 

CALCULO DOS ENLACES 

4.1 - Enlace PBV (Peftrn Bean Vidicn) 

As três câmaras "Peturn Bean Vidicon" funcionarão símil 

taneamente e gerarão au sinal de vídeo q1.e cobre as frequências de dc 

at 3.5 MHz. O sinal de saída das c&iuras poderá entrar diretanenteirz 

terminais de entrada do transmissor de banda larga para transmisso 

eu tempo real ou entrar nau dos gravadores de faixa larga (WBVrR 1 ou 

2) para gravação e posterior reprodução para transmissão. Na estação 

de recepção de terra, au discrijuinador de banda larga processa o si-

nal recebido acima do limiar junto ar o ruído, recuperando o sinal de 

vídeo ar au aumento na relação sinal ruído (544)  depois da deteção. 
Para o enlace RI3V foi especificada a frequ5ncia de 25,5 

MHz. A banda de W ocupada de 20 MHz ê também considerada anv a ban-

da ocupada pelo ruído. Usando au transmissor no sat&ite de potência 

20 cxi 10 Watts, para au ângulo de elevação da antena da estação de re-

cepção de 50  obtém-se que: 

- O ganho da antena do satílite para au ângulo de eleva 

ção de 50  da antena de terra é melhor que 4,0 db.Este 

valor inclui as perdas de polarização. 

- As perdas de transmissão foram calculadas eu 1,35 db. 

Estas perdas incluem as perdas entre os terminais de 

salda do amplificador de potência e a entrada dos ter 

minais da antena, incluindo perdas nos filtros, co-

nectores, cabos, circuladores, etc. As perdas atrosf& 

ricas são consideradas para 50  de elevação e estima 

eu 0.7 db. 

- As perdas do espaço livre são calculadas a partir da 

fórmula, 	 À L = 20 log -a 
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,e d= (P+h) 	SEM  

sen (900+a) 

R e 

R + h 

Usando a altitude h = 492 milhas náuticas (910 lati), ângulo de eleva 

ção a = 50 e raio da Terra R = 6380 lan enortraics 

6 =24,3o  

d = 1620 riu (3000 km) 

169,1 db 

- A pot&cia de ruído termal eu una banda equivalente 

de 20 MHz é calculada a partir de N = K'IB 

onde K = 1,38.1(Ç23  Jcule/°K 

N = 10 log10 1,38.10_23  &s, por OK por Hz, o que rduz a, 

N = -228,6 dtw por OK por Hz 

4.1.1 - Seleção dos parâmetros FM 

A relação sinal ruído (SftJ) 0  nos tenninais de salda do 
discriminador é dada por 

5 	3Af2BW c 
Ç402tf r 	 (1 

onde 

o desvio de pico da fruncia central de rádio-frap.ncia 

(PF) 
a frequ&icia de modulação 

a banda de rádio-frquncia (W) 

C/W 	relação portadora ruído na 	entrada dos terminais do 

discri.mina3or usando: f = m 3,5 MHz 
= 20 MHz 
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o indica de modulação (6) foi calculado analisando as 

funções de Bessel, tendo sido escolhido de modo que a energia fora das 

bandas laterais ruo seja maior que 1% da energia total. 

Com C = 1,6 a energia fora da banda de 20 MHz aproxi- 

madamente 1,1%. 

O fator de melhoria de modulação (MIII & calculado 	a 
partir da fórmula 	 2 

MIF= 2  (—) 8M 
f 

Cciii o índice 8 = 1,6 resulta au valor de 

MIF=22 ou 13,4 db 

A equaçio (1) é válida para um sinal nodulante senoidal; 

quando o sinal de vídeo é aplicado, as seguintes considerações t&n que 

ser levadas eu azita: 

- O sinal de informação é 80% do sinal de vídeo pia) a pico. )\ re 

lação sinal ruído S/W na saída do detetor será então (0,8)2  ve-

zes a relação sinal ruído de pico,mrrespondendo a una redução 

de 2 db. 

- O sinal de video que produz o mesmo desvio pico a pico F7.i de um 

sinal senoidal teu una potência 8 v&zes maior que a potência m5 

dia do sinal senoidal. A relação sinal ruído terá então tri au- 

mento de 9 db. 

Devemos considerar tr acréscimo na relação portadora rui 

do de 13,4 devido ao MIF, una redução de 2 db devido primeira conside 

ração acima e au aumento de 9 db devido à segunda consideração. CX' se-

ja, au acréscimo de 20,4 db. 
São considerados dois tipos de estação com as correspcn 

dentes especificações, ganho das antenas, temperatura de ruído das an-

tenas e receptores, deixando una margem de 6 db. Os dois tipos de es-

tação são apresentados a seguir. 
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Estação receptora ari antena parabólica de 9 metros de di&netro 

Para o enlace RBV jnle ser usada una potência de transmissão  

de 20 ou 10 watts. 

- Potência do transmissor do satélite: 

PT  = 43 dhn para 20 watts 

PT  = 40 dIt para 10 watts 

- cinh da antena do satélite: 4,0 dB computando as perdas de 

rx)larizaçaD 

- Perdas de trann1ss3o: -1,35 dli 

- Perdas rc espaço: -169,8 dB 

Perdas no espaço livre: -169,1 dli 

Perdas atmosféricas: 	- 017 dB 

-169,8 dB 

- Ganho da antena receptora: 

O ganho é cxnçntacb a partir da fôrtula 

2 
G = ti ( 

para =55%e D=30pés 	G44dB 

- ¶1\rçeratura do sistema: T = 1250K 

- Potência do ruido na banda de 20 fiz: -104,6 dn 

1< = 1,38 10-23  Jou].eflK 
N=W1t3 	T125°K 

B = 20 ?ilz 

N = -104,6 dhn 

- Margem do sistema: - 6 dli 

- Potência, recebida: -86,15 dhn 

4 + 43 + 44 = 91 db 

169,8 + 6 + 1,35 = -177,15 
- 177,15 + 91 = -86,15 dhn 
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- relaçãio port&ora ruído: + 18,45 db 

- 86,15 - (104 16) = + 18,45 
- ?tlhria de P14: 13r 4 dl) 

para 8 = 1,6 

- Ièlaão sinal ruído SM 

SM = 18,45 + 13,4 - 2+9 = 38,85db 

Estação de recepção oam antena parabólica de 6 metros de diatetro 

- Pot&icia ftan1tida do satélite 

43 dhn para 20 watts 

40 dhn para 10 watts 
- Ganho da antena do satélite: 4,0 db 
- Ganho da antena receptora: 
para fl=55% 

D = 20 pés obtém-se G = 40.5 db 
- Temperatura do sistema: Ts =  125°J( ou 750K 
- Pot&cia de ruido (20 Miz) 

N=1C113 	T5 =1250X 

Ts  = 75°K 

- Margem do sistema: - 6 db 

- Relação portadora ruído 
ri 

11 = -1046 &xn 

30  N=-106,SSdFn 

para T5 =125"l< > 	15,45db 

para T5 =75°K 17470 d 

- relação sinal ruído 

para T5  = 1250K __ 	= 35.85 db 
N 

para T575°K 2 =381 	dl) 
N 

Os resultados para um ângulo de elevação de 50  e para um 

transmissor de 20 vatts são mostrados na tabela 4.1. 
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59  de elevação  
Parâmetros 30 os 20 pés 

Rtncia transmitida cio 43 diri 43 dliii 	43 dliii 
satélite 

Ganho cia antena do 
satélite 4,0db 4,0db 	4,0db 

Perda de transmissão -1,35 db -1,35 db 	-1,35 clb 

Perdas no espaço i,R db -169,8 db 	469'8 db 
Ganho da antena recp- 
tora 44,0db 40,5db 	40,5 db 

¶Mnperatura cio sistema 1250K 1250K 	 75°T( 
RDt&cia de ruído -104,6 ctrn -104,6 4fUi'n 	-106,85 dliii 
Margcn cio sistema -6,0 db -6,0 dl, 	-6,0 di 
Potincia ~ida -86,15 dliii -89 0 15 dliii 	-89,15 diti 
Relação portadora ruído +18,45 db +15,45 dh 	+17,70 dl, 
?b1lria EM (3 = 1,6) +13,4 db +13,4 db 	+13,4 db 
Relação sinal, ruído +38,85 di, +35,85 db 	38,1 db 

(pico a pia» 

4.1.2 - ft!gradação cio sinal 

A relação sinal ruído nas saídas das Ciflaras são 33,33 e 25 cb paraas  

1, II e III respectivamente. 

QxlsiclenmDs o enlace oxpleto e examinamos a degradação sofrida pe- 

lo sinal transmitido eu teipo real. 

A relação sinal ruído nos terminais de saída do receptor da estação 

de terra.  dada por , 	 ___ 	1 (S,'t) = 	+ 

o  
	1
1-1 	

onde 
[(SfiOs (SM)j 
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(54q) - relação sinal ruído das câmaras 

(SM) - relaçaD sinal ruído do enlace de transmissãoTL  

Considerando a câmara 1 

(S4I)s = 33 db 	 = 38,85 

33 db -, 410 

38,85 db -. 7,7.10 

+ 	1 	
32ldB (s4q) 	

= L21o3 	
7,7.103j 

ou seja una degradação de Z 0,9 dB 

A fig. 4.1 mostra que para ter ira degradação Inferior a 1 dh a 

relação sinal ruído (S 1k) 	tari que ser maior que 3817 db. 

a'Ewç7'o RY.r!NCIA (S.4) 

Antena de 	9w 20W +38,85db .0,9db 
= l25<( 

Antena de 	6 iii 20W + 35,85 clb 1,8 ai, 
= 1250X 

Antena de 6w 
= 75°X 20W +38,1db :1,0db 

Êstes resultados nosfrarn ser mais conveniente a operação cnn 

i"-i antena de 9 m.i Ctrve-se que a tsq- ratira de sistema (T5  = 1250K) 

considerada para ilustração dos cálculos só á conseguida an sistemas que uti-

lizem um amplificador paramétrico refrigerado; em sistemas que utilizem ampli-

ficador paramétrico não refrigerado a temperatura do sistema será maior do que 

200°K. 
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33 	 o 

 

33 	3r 	 31 	39 	4' 	 43 	43 	47 

fs\db 
1-1 — 

- \N 'IL 

Fig. 4.1 - Degradação do sinal REV (S/W) = 33 db. 
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4.2 - Enlace MSS 

O enlace MS de b~. larga capa iria banda de 20 ?4iz cri 

~ação PCYVISK e fzu&tia central de 2229,5 MHz. 

Investigações teóricas e experimentais rtstran que a rola 

ço energia da portadora-densidade de ruído influencia a probabilidade de 

erro na deteç&; para una prababilidade de em cbi cbt&n-se una rela 

çi de 14,0 db ai discrijnInar de deteçao. Ctsnun&frvreceptor Coerente 

obtem-se C4'1 = 13,0 db para P
e  = 10— . Resultados eçerJstntais indicam 

13,5 db. A tabela 4.2 mostra os cálculos do enlace: 

TABElA 4.2 - CÀLCtJLCS 03 EMACE !S 

5°  de Elevação 

Par&ttros 6  

Potência do transmissor do 
satélite 43 dbn 43 	dlii 43 	<ba 

Ganho da antena cbsatélite 4,0db 4,0db 4,0db 

Perdas de transmissão -1,35 db -1,35 cb -1,35 db 

Perdas do espaço -169,66 db -169,66 db -169,66 <3h 

Ganho da antena receptora 44,0 db 40,5 db 40,5 db 

¶Inparatura do sistema 1250K 1250X 75°K 

Potência de ruído -105,8 dir -105,8Cbn -108,05 dlii 

Margem do sistema -6,0 db -6,0 db -6,.0 db 

Potência recebida -86,01 dlii -89,01 dlxi -89,01 dlxi 

Relação portadora-ruícb +19,79 db +16,78 dl + 19,04 <3h 

1ltrnando o valor mais pessimista de C,4Ï = 14,0 db para una probabilidade de 

erro Pe = 10-5  , teraicis margens extras de 5,79 t, 2,78 <3h ou 5,04 aD.CaC1a 

um destes n(xieros tem que ser reduzido de 1,5 <3h para levar em rita a de-

gradação devida à distorção do tempo de atraso. Ctten-se então:a tabela 4.3. 
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TABELA 4.3 - MAB34 EXTRA PAPA O ENLACE MSS 

SISTEMA USO POItCIAEO 
TRANSMISSOR 

Mtena 9  m 20 w(low) 4,29 cL (1,29 b) 
(T5 = 125°K) 

Antena 6 m 
(T5  = 125°K) 20w (10W) 1,28 db (-1, 72&)) 

Antena 6m 
(T5  = 759K) 20W (10W) 3,54 db (0,54 	) 

Os parnetros do enlace tES são essc'ncialrronte os nts- 

nos calculados para o enlace PBV, ar as seguintes diferenças: 

- A frcquéncia central para o enlace ?ES é 2229,. 5 FIIZ, o que re- 

sulta numa rechçã, de 0,14 db nas pardas no espaço livre. 

- A pra-deteção do enlace tss é limitado à velccidacle da informa- 

ção (15 iiz entre os pontos de 3db). 

A mesma observação feita para o enlace rV cm relação 

a tstperatura do sistena (T5  = 1250K) utilizada para ilustrar os cálcu 

los é válida. 

4.3 - Enlace de descida USB 

O sinal USB de descida s (t) é da fortin 

[wc 	

n 
cos 	t + E e cos(w t+ (t)) + 	U(t) + nt)l (2) 
 i 	si 1 	n+l 

ate 

potência total recebida 

W: 	frequência da portadora 

desvio de pico da fase da portadora devido a i-&irna 

subpertaciora 

desvio de pico da fase da portadora devido z "rariging 

signal" 
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vi si frequ&icia da i-6sina sub-portadora 

4. (T): 	infornaço que modula o ângulo da 14sfru sub-ir rtadora 

dois níveis (± 1) sinal de onda quadrada 

n (t): 	ruído Gaussiano (densidade de 11 

1½ Fig. 4.2 mostra um sistema t 
sinal USB, sem o sinal PRN. 

1 
:%anda 

 
Pa  ri;;; - i;--i 

Fase 
S (t) i Portadora 	i-1 Pa-bada t 

ípico de deitdulaç5o b 

1 Detd. 1 'sincrtniza subçort. 
'H&r Bifl' 1597KHZ  

IPrcd.L.Jsincroniza E 
dor cleBiE 

DaTiod. 	fsincxoj IDectd. 1 Filtm 	 nizad3r de 
isa - dai 	11024 KHzJ ide Bit 1 [convoLj 

Fig. 4.2 - Dewdulação do sinal USB 

A tabela 4.4 mostra a banda ocupada IF para cada sub-porta- 

dora. 

TABELA 4.4 - BANDA =ADA IF PARA AS SUB-PORTAIX)RAS 

SUB-Pfl4NflPA 	 1 B~ OCUPADA IP 

1024 HUz 
	 6 Riz, 150 TaJz, 600 KHz 

768 KHz 
	 20 Igiz, 35 KHz 

597 Iz11z 	 suficiente pelo menos para 24 Kbs. 

4.3.1 - 11aço s4 0  para cada sub-rtadora 

Canal de 597 1<llz 

O sinal FOI de telemetria arnazenado modula una sub-portadora 

de 597 KHz. 
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Un detetor perfeito de PO/PSK precisa de tn ie3ao t3ja 

por bib-densidade de çcCata &n&b Qna, entra dodetetor cnfont 

rrostra a Fig. 4.3 an função da probabilidade de erro,P •  
e 

Para ira probabilidade de erro menor que 10 , EMO O deve 
ser maior que 10,5 db para um detetor perfeito. Acrescentar 2,5 dD 

para itt detetor real, E,4'I deverá ser maior que 13,0 db para conseguir 

ira probabilidade de erro menor que 10 

E ST 

N0  1% 

S.potência média na st-portadora 

T-períab por bit = 

1 = 24 Kbit/seg 
	velocidade de informação 

§J. (f) 
N0  T o 

= 13,0 db + 10 log 2 f  4.10 

=13,0+43,8=56,8 db}lz 

= 56,8 ti-Hz 

N o 

onde (SM,) 1 é a relação sinal-ruido necessária para a sub-portadora de 597 KHZ 

Canal de 1024 fIz 

O canal de 1024 fIz é usado para receber cssimis&>MS. Este 

sinal consiste de iria senoide r frequ&ncia central de 1024 fIz a qual e 

modulada eu frequência pela informação e pelo ruído. No enlace de descida 

adicionado mais ruído ao sinal de informação. A relação sinal-ruído to-

tal na entrada do processador na estação de recepção dewrtotal 
ser zero db num banda ocupada de 100 fIz centrada au 1024 Ritz. 



1,1  

NN 

£IN •  leS 

Fig. 4.3 - ___ entre Pe  e E/N0  para tri reptar Ideal coerente 

a 

36. 
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O cálculo da relaçc:ío sinal nildo para este canal fornece (S,4'Q 2  = 

66,0 db-Hz 

Canal de 768 KHz 

Este canal usado para transmitir o sinal PCI de telanetria en 

te'npo real. Este sinal modula tria sub-portadora de 768 KHz. 

A Fig. 4.4 mostra o diagrama de blocos do detetor para o sinal 
do canal de 768 IQIz. 

Detetor

Jt  j
Piltro 1 1 Detetor 1_jsincroniza 1 

____ para o de Fase de 	assa L_JdeFaseL dordo Bit) 	
gravador Veo 	 j_ 768 KH gravador  

Fig. 4.4 - Deteçio do canal de 768 1(112 

O valor de Sftcalculado para o canal de 768 	= 44,0 db-Hz 

rara P10-6  

A Tabela 4.5 ncstra o cálculo do enlace USB para antenas de 9 

e6m. 
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TABELA 4.5 - ENLACE tJSB TE DESCIDA 

 9m 6 m 

Potência do transnissor 	 dhu 30,0 30 

Perdas nos circuitos de 
transmissão 	 db -2,0 -2,0 

Ganho da antena de tran&aissâj 
(inclui perdas de polarização) 	db 

-11 0 -1,0 

Perdas do espaço livre 	 dl' -169,3 -169,3 

Fnxju&cia do transmissor 	 MHz 2287,5 22870 5 
Ganho da antena receptora 
(inclui perdas nos circuitos) 	db 43,4 39,9 

Margan do sisttria 	 dl' -6,0 -6 0 0 
Poténcia total recebida 	 d}n -104,9 -108,4 

Densidade de ix*incla de ruído 	dhtç4lz -174,5 -178,0 

'Itriperatura do sistaria 	 01< 250 -10 

r1açiD 	C 	disponível 	 dh4lz 69,6 69,6 

N o 
Relação C410  necessária 	 cb,41z 48,5 48 $  

Marcpn extra 	 db 21,1 21,1 

4.4 - Enlace de Subida ZEB 

Éste enlace de subida SB é necessário para transmitir o sinal 

"Pseudo Rardcrn Uoise"-PRN e a sub-portadora de 70 IQIz para os dados de a, 

mando. 

A tabela 4.6 ncstra os cálculos para o enlace te art antenas de 

9 e 6 m. 
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TABELA 4.6 - ENLACE TJSB DE SUBIDA 

PAJ*4ETPcS 9rn 6 

Potência transmitida 70,0 70,0 	dliii 
Perdas nos circuitos de transmissão 0 0 0 0,0 	db 

Ganho da antena transmissora 43,0 39,5 	db 
Perdas no espaço -169,9 -169,9 	cU 

Atenuação atmosférica -0,7 -0,7 	db 

Frequência da portadora 2106,4 2106 0 4 	MHz 
Ganho da antena receptora +4,0 + 4,0 	db 
(inclue perdas de polarização) 

Perdas nos circuitos de recepção -1,5 -5,0 	cb 
Perdas de apontamento da antena receptora -5,0 -5,0 	CIID 

Margem do sistema -6,0 -6,0 	db 
Potência total recebida -66,1 -66,1 	dliii 
Perdas de modulação 0,0 0,0 	db 

Potência da portadora dispcaiível -66,1 -66,1 	dliii 

Potência da portadora necessária -109,0 -109,0 	dlin 

Margem extra 42,9 42,9 	db 
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CAPTTULO s 

MODELO DA ESTAÇÃO DE 

RAST REI O E RECEPÇÃO 

O INPE pretende instalar una estação que faça o ras-
treio do satélite, recebendo e gravando as informações por ele trarisni 

tidas. 

A Fig. 5.1 mostra ir diagrama de blocos de una possível 

estação de rastreio e recepção incluindo o sistema de gravação. 

O enlace de subida não é recessrio para o Brasil por-

que os comandos do satélite são gravados em ine&ias de elevada confia 

bilidade e redundantes; no caso de falhas das net&ias o satélite fica 

ria não operacional. 

A Fig. 5.1 mostra os eguipatientos usados para recEber cz 

dados transmitidos nos enlaces MSS, PBV e USB aln dos sistemas de gra 

vação destes dados. 

O equipamento de recepção para receber os dados transini 

tidos pelas plataformas de terra (E(S) não é mostrado na figura porque 

numa fase inicial a estação não iria receber este sinal. Deve ser pre-

vista a possibilidade de no futuro poder receber tanb&n estes dados. 

5.1 - EspecificaçEes dos equipatentos 

5.1.1 - Antena 

o sistema utilizará una antena parabólica de 9m de dii 
metro ccii tina temperatura de ruído de aproximadamente 650X. 

Se a temperatura do sistema for 1251< (utilizada para i 

lustração dos cálculos) a margem de segurança será 6 db. Se a tempera- 



42. 

tura do sistema for superior a 125 0X a margen de segurança será menor 

que 6 db. Ver tabela 4.1 e Parágrafo 4.1.2, para o enlace PBV,q 

o mais crítico. 

A antena e pedestal deverão operar en cxndiç6es normais 

ani vento de até 60 km/h. 

A antena deve ser sólida cnn rugosidade de superfície 

que permita operar na faixa 8025-8400 MHz. Esta consideração é irror-

tante po~ o serviço de exploração de recursos da Terra por salíli-

tes para o futuro, será alocado nesta faixa,confonne resolução do 1111 

na reunião WA1C-ST/71, realizada eu Genebra eu junho/71. 

5.1.2 - Alimentação da antena 

Deve ter capacidade para fornecer todos os sinais neces 

skios para o rastreio. 

Estes sinais dano origem aos sinais diferenças, tE e 

AA, injetados no receptor de rastreio e o sinal sana, Z, para o anpli-

ficador paran&rico. 

5.1.3 - Sistema de rastreio 

A estação provavelmente terá dois sistemas de rastreio, 

ir empregando o sistema automático e outro empregando o rastreio pro-

gramado com a ajuda do computador. Poderia ter caio opção, o rastreio 

-anual para posicionamento inicial da antena. 

o sistema autanftico emprega ir iluninalor com  capacida 

de de gerar os sinais erros de azimute e elevação. 

A antena deve ser inicialmente posicionada manualmente 

pelo operador, ou usando o rastreio programado. 
A estação pode ter capacidade para aceitar os sinais de 

servo da estação  de VHF de telemetria e fazer o rastreio do satélite a 

traves destes sinais. 
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5.1.4 - Pnplificador param trico 

O amplificador parar&rico deve ter una banda de passa-

gem superior a 72 MHz. Nos sat&lites futuros, de exploração de recur-

sos da Terra, quando as frequ&icias forem alocadas na banda de 8025 
a 8400 MHZ ,wkxne a WAPC-ST/71 da ITtJ, este amplificador deverá ter pro 

vaveinente una faixa de passagem maior. 

Cálculos realizados mostram que ir amplificador param 

trico nio refrigerado, ar temperatura de ruído de 100 0X seria suficiei 
te com una antena de 9m , com una margem inferior a 6 st para o enla 
ce Iw, que é o mais crítico. 

5.1.5 - Equipamento MSS 

5.1.5.1 - Conversor de baixa frequncia 

A temperatura de ruído do conversor de baixa frequ5ncia 

deve ser tal que a temperatura de ruído do sistema seja igual a 125 0K 

(antena de 9m cnn margem de 6 db para o enlace PY3V). 

5.1.5.2 - Eeodulacbr FSK 

Este dispositivo deve dcnodular o sinal POÍ/FSK do enla 

ce MSS. 

5.1.5.3 - Condicionador do sinal 

Esta unidade sincroniza os 15 Megabits por segundo (Mis), 

fornecendo tat&n informação de tempo para a posterior demultiplexação 

e/ou gravação. 
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5.1.5 • 4 - DEmiltiplexador/Gerador de Testes/ticcitor 

Esta unidade será utilizada para demultiplexar o sinal 

MSS reproduzido por ir gravador tipo srie (por exemplo, o TR70-CVR-3E 

modificado) ai para demultiplexar o sinal a ser gravado em ir gravador 

tipo paralelo (por exemplo o N4PEX FR-1928). É previsto ir osciloscó-

pio para visualizarem «ii forma anal&4ca os dados do MSS. O gerador de 

teste fornece o sinal MSS de teste que modula una fonte fli, para veri-
ficar o funcionamento arreto & todo o sistema. 

5.1.5.5 - Gravador dó Sinal MSS 

O sistema de gravação deve ser cunpletaiteite rpativel 

an aquele usado pela NlSA nos Estados Unidos. 

Este gravador poderá ser ir FR - 1900 modificado (grava 

dor tipo paralelo) para gravar 28 faixas (Modelo FP-1928), ai algum 

outro gravador tipo série no qual n3o seria necessário o danultiplexa-

dor para a gravação. 

O gravador tipo paralelo grava a ira velocidade de 60 

pol./seg, 25 canais aru os dados digitais, ir canal r a infortnaçio de 

tempo, au canal ar o sinal PGI de telemetria, e ir canal ar o sinal 

frequ&rcia de referência do servo do "capstain", além de au canal de 

voz. Os canais do gravador poderio ser usados cito se segue: 

Canal 1 - freqtincia de referencia do servo do "capstairf' 

Canais - 2, 4, 6, 8, 10, 12 - grupo 1 

Canais - 14, 16, 18, 20, 22, 24 - grupo 2 

Canais - 3, 5, 7, 9, 11, 13 - grupo 3 

Canais - 15, 17, 19, 21, 23, 25 - grupo 4 

Canal 26 - grupo 5 (EFrS B somente) 

Canal 27 - Informação de terço 

Canal 28 - Sinal PO4 de telemetria 
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As fitas usadas deverão ser de 1 pol. de espessura em r 
los 101/2 ai 14 pol. de diâmetro. 

5.1.6 - Equipamento PBV 

5.1.6.1 - Conversor de baixa frequência 

Ver o parágrafo 5.1.5.1 

5.1.6.2 - Eetdulador P14 

Este c5etdul.ador deve derodular o sinal video/P11 (das do 

1 

5.1.6.3 - Processador de Vídeo e Separador de Sincronismo (VPASS) 

Esta unidade deve processar o sinal vídeo PBV para permi-

tir a gravação e visualização (quick - look) das imagens. 

5.1.6.4 - Gravador do sinal RBV 

Este gravador deve ser canpletanente cnTpatível atnaquele--  

usado pela NSA. 

O gravador a ser usado será o MA 'IT - 70 - (NR - 3E, (ai 

equivalente) qt.e é una modificação do gravador comercial TR-70. 

Este gravador pode usar fitas 3M 500 que vem au rolos de 

canprinentos de 1.200-2.400-3.600-4.800 ou 5.600 pés; e' tenios de 

tempo de gravação os cxnprinEntos são equivalentes a 738 - 1.476 - 2.214 

2.952 - cii 3.444 segundos. 

As fitas usadas deveu ser de 2 polegadas de largura au ro-

los ain 14 polegadas de diâmetro. 
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5.1.7 - Eguipatento USE 

5.1.7.1 - Conversor de baixa frincia 

Ver parágrafo 5.1.5.1 

5.1.7.2 - rnrcdulador RI 

Este dattdulador deve deirdular as infonna6es na porta 

dera USE. 

5.1.7.3 - Filtros passa faixa 

O filtro para o sinal PO4 de telemetria anuazenado deve 

ter una fraiu&cia central f = 597 KHz, e banda passante suficiente 

para pelo nenos 24 k)çs. O filtro para o sinal PO4 de telemetria ett tei 

po real deve ter una frequência central f0 = 768 KHz e una banda passan 

te de 35 KHz. 

5.1.7.4 - texduladores de sub-portadoras 

Estes discrirninadores devem datdu lar as duas sub-portado 

ras f 5  = 768 KHZ e f5  = 597 KHz. 

5.1.7.5 - Sincrcriizadores de Bit 

Etas un~  (Z prwrdonaii a sincrtnizaço dos dados de 24 

kLps e 1 Jtps dos carais de 597 e %8 KHz respectivalEnte, para posterior graia 

çio 
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5.1.7.6 - Sistema de gravação para os sinais do enlace USE 

Estes sinais serão gravados nos canais auxiliares dos 

gravadores PIMPEX FR-1928 (ou equivalente) e RCA TR - 70 (ou equivalen 

te) ou poisa ser gravados separadamente en outro gravador digital qual 

quer (pode ser o PMPEX FR - 1900 jA existente no INPE). 

Para a gravação dos sinais rcs, eu una fase posterior, 

este gravador digital (FR - 1900) seria certamente necessrio. 

5.1.8 - Geradores de teste: TPG (PBV) e PSE (MSS) 

As funções destes equipamentos são as seguintes: 

- Gerar os sinais de teste para simulação dos sinais do MSS 

e PBV; 

- Gerar e simular o espectro de ruído que pode ser combina-

do can os sinais de testes, para simular a recepção dos 

sinais do sat&ite. 

5.1.9 - "C?.iick - look Monitor" (QLM) para visualizar os sinais do 

Este dispositivo permite una visualização rápida das 3 

c&naras do 1V. Aceita taub&n os sinais fornecidos pela unidade TG; 

estes sinais são mandados priiieiranente para a unidade VPPSS. 

O QU4 permite a visualização num tubo de raios catódi-

cos dos dados REI! e do sinal de teste do TPG para a avaliação das ca-

racterísticas do sistema. Está equipado can una câmara Polaroid que  

fotografa continuamente as imagens das 3 câmaras do M. 

5.1.10 - Sistema gerador de tempo 

A estação geradora de tempo consiste de un crinjunto de 



equipatentos que incluem: 

- Dois geradores de código de terpo; 

- Sintetizaclor de frequência; 

- Sincronizador; 

- Oscilcscpio. 

5.1.11 - Fonte de sinal P14 para teste 

Este é ir dispositivo gerador de sinais de preciso na 

faixa de 2200 a 2300 MHz. 

A salda pode ser contínua ou modulada pelo sinal fome 

cido pelo gerador de teste TrcdoPBvou pelo sinal de teste do MSS 

gerado no ISE. 

O gerador TPG fornece o sinal de video-teste (O a 3.5 

MHz) para controle de equipamento de recepção e gravação de sinal 1W. 
O gerador MSS-ISE de teste fornece o sinal de 15 Mbps 

para amtxnle de equipamento de recepção e gravaçk de sinal MSS. 
Estes sinais do TPG e MSS-PSE modulam o sinal FM de 

teste; este sinal modulado é injetado na entrada de teste de amplifica 
der parametrioo e posteriormente nos circuitos de recepção e gravação 

para avaliar as ccndiçëes de operação de sistema xnpleto. 

48. 



CAPÍTULO 6 	
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ESTAÇÃO DE PROCESSAMENTO 

DE IMAGENS 

A estação de processamento das imagens tu as seguintes 

funções principais: 

- Transformar os dados RBV recebidos eu filmes, median 

te o controle das fitas IN (Fita de Anotação de Ima-

gem) as quais ccmt&n anotações, e .infonuaç6es de cor 

reção obtidas dos dados de telemetria cxntidos no en-

lace (JSB de descida e das fitas de erros fixos. Os 

filmes obtidos correspondeu eu qualidade ao processa-

mento preliminar (buflc process). Cm estes fumes são 

feitas medidas manuais a partir da posição de objetos 

cujas coordenadas são previaTente conhecidas, de urdo 

um conjunto de coeficientes de correção é obtido 

e aplicado ao "video tape" original do RBV obtendo-se 

imagens de qualidade correspondentes ao processaiento 

de precisão (Precisicn Process). 

- Transformar os dados do MSS eu filmes de qualidade pre 

liminar e posteriornente de qualidade precisa. 

- Transformar os dados do MSS eu fitas digitais de aces 

so direto ao ccnpitador (CC). 

6.1 - Fita de Anotação de Imageu(IAT) 

Para a produção destas fitas, usadas para a correção sis 

tenática de erro, são necessárias as fitas cnn os dados de efemérides 

que serão fornecidas pela NPSA assim caio os dados «ri as característi 

cas do satélite contidas no enlace USB de descida. Cm estas duas f i- 
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tas é possível a produção da fita IAT. 

Correções geattricas são feitas determinando os ângu-

los do satélite eu relação a posições de referencia e o desvio da altu 

ra nominal do satélite. Os ãngulos do satélite são determina 

dos a partir dos dados de telemetria eu PO4. Os dados de efeirides per 

mitan calcular o desvio da altura nauinal. 

:.wab*1 

Os dados gravados do RBV são reproduzidos e enviados a 

VPJ'SS e logo após ao "Eletron Beam Pecorder Ccntrol" (EBR-M) e eu 

seguida ao "Eletrcn Bean IcDrder" (EBP). 
II 

 11tt1 
PBV  
VTR 	BBV tIEBR 	___ 

____ 	
Filme Pmpliacbr 

equivalente VPISS j 
A-TP70 	1 	70 nu 	

91/2 

S I.  [Processado um  manual de 
jerro 

Erros ___ 
Fixos 

OQ 
Inicialmente são feitas correções mediante o controle cb 

fita mi' e de fita dos erros fixos; este primeiro passo produz imagens dó 

qualidade preliminar; depois de revelado o filie de 70 nu e escolhidas 

algumas imagens, estas podem ser ampliadas para 9 1/2 polegadas. 

Algumas imagens são selecionadas para ulteriores corre-

ções; para determinar estas correções, medidas manuais são feitas a 

partir da localização exata de alguns pontos e do conhecimento das dis 

torções das lentes • Estas medidas são colocadas no processador para 

obter os coeficientes de correção. Estes coeficientes são aplicados no 

"Eletrcm Bem Pecorder Cbntrol". 
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Usando novwente os "video-tape? originais do RBV e apli 

cando os coeficientes de correção durante una segunda passagem, una-

gens serão novamente produzidas depois da ampliação, com qualidade de 
precisão. 

6.3 -  Transfornação dos dados MSS 

Os dados gravairs do j 	são convertidos em filmes mediante 

o controle da fita PC e da fita de erros fixos. Esta primeira passagem pr 
duz imagens de qualidade preliminar. 

Ca'n medidas manuais obtém-se os coeficientes de correção 

para a produção de imaaens de precisão mediante urna segunda passagem da 

fita original cnn os dados J€S. 

N4PEX FR 
1928 ou 	MSS 
equiva- 
lente 

~0 11-a 
70 mim 

Nnpliador 

IAT) )I Processador 
Determinação  
manual de 
erro 

Erros GCP 
Fixos 

00 
6.4 - Conversão dos dados MSS em fitas compatíveis com 

o computador (ar) 

Os dados do MSS são convertidos eu fitas caupativeis cem 

o computador mediante unidades de fita inan&ica (HP MTt). 
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CAPtTULO 7 

LOCALIZAÇÃO E COBERTURA 

7.1 - Localização 

Ccimo já foi ventilado anteriornnte, o sistsna eu apre-

sentação neste documento deverá ser oDnstituldo de 2 subsistemas, a Es-

tação de Rastreio e Recepção e a Estação de Processamento de Inagen. ( 

no as rnnas são arpletentares a situação ideal seria aquela eu que au 

bas fossem localizadas rt nesto ponto ou eu pontos prôxiros. O critério 

de ptvxlmidade entretantQ é flexivel, m sentido de que ele é função de 

vários fatores, por exeiplo, a facilidade de acesso a cala una das esta 

ções e o mio de transporte que as interligará. 

A titulo de ilustração, e aro base para cAlculo de quan 
tidade de dados a serem recebidos, apresentamos a seguir estudos calca-

dos na localização da Estação de Rastreio e Recepção nas proximidades  

da cidade de São José dos Canços (23°S e 46010 

7.2 - Cobertura 

A cobertura foi calculada, levando au consideração os àn 

guias de elevação de 2°  e 5°  

A fla Letria utilizada para o cálculo está esquanatiada, 

na figura 7.].. 

-- 	 - 

Fig. 7.1 - Gazetria para o cálculo do ângulo central 
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O cAlculo ib ângulo central (6) foi feito para os tis 

casos de e1evk, S*erxb-se a tabela 7.1. 

Desta tabela tira-se os valores abaixo: 

	

Mgulo 	central 	Altura 	Eleveç& 

	

(6) 	 (h) 	 (a) 

	

24.3 	 910 fln 	5°  

	

27.00 	 910 m 	2°  

Cm os valores &s ângulos centrais pode-se tr&ar a - . 
- o berturada Fig. 7.2pbXae1eVa2 eSo . 

A Fig. 7.2 mostra que quase a totalidSe t Brasil seria 

coberta, e twtkn os seguintes países: 

Otertura Parcial 

1tvia 
	 Argentina 

Paraguai 
	

Chile 

Peru 

Guiana Francesa 



TAflA 7.1 - CJIiiJ1D W ÂILUO CT2TIWkL 

Ângulos nidos au graus 

Altura: 910 kil&ttxos 

Ângulo Central 	 Elevação 

1 82.03 

2 74.31 

67.03 

4 60.33 

5 54.25 

6 48.80 

7 43.93 

8 39.60 

9 35.73 

10 32.27 

11 29.17 

12 26.36 

13 23.80 

14 21.47 

15 19.33 

16 17.35 

17 15.52 

18 13.80 

19 12.20 

20 10.69 

21 9.26 

22 7.91 

23 6.62 

24 5.39 

25 4.22 

26 3.09 

27 2.00 

28 .95 

54. 
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CAPÍTULO 8 

QUANTIDADE DE DADOS RECEBIDOS NA ESTAÇÃO 

A localização da estação em estudo permitiria colher da-

dos sobre o Brasil e outros países da Pn&ica do Sul. 

A quantidade de dados disponíveis para gravação resta es 

ta?o, será calculada eu se ansideran%o que o ângulo de elevação do sa 

Site visto de São Jose dos C~seja superior a 50 o ângulo de ele 
vação é limitado por este valor devido a problemas de cintilaç6es atnts 

f&icas e efeitos de refração. O ângulo de elevação de 50 caso 

pessimista. Cciii ir Jxn sistema de rastreio e cxnhições favoráveis, se-

ria possível aurentar a quantidade de dados recebidos. 

8.1 - Parâmetros Orbitais 

Os parâmetros orbitais, usados para o cálculo da quanti-

dade de dados, são os seguintes: 

Ponto de inserção 

Altura 

Inclinação 

Período 

Excentricidade 

Duração de Ir ciclo de 

cobertura 

Distância entre traje-

tórias adjacentes 

separação entre traje-

tórias consecutivas 

1300 W long, 00  lat. 

910 Kin (492,35 min.) 

99,088 graus 

103 mm 

0,0001 

18 dias (251 rev.) 

160 Fn (1 4338 graus) 

25,8167 graus 
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8.2 - Método grficx, para determinar o tapo gasto pelo satélite para 

abrir a área da estação de São José dos Caxiços. 

O método gráfico empregado para determinar este terço é 

o seguinte: rt printro dia são previstas na área de abertura da esta-
ção, as órbitas 10 e 11 separadas eu longitude de 25,8167 graus; rt se-

qurxlo dia são previstas as órbitas 24 e 25, e assim por diante. Para ca 

da dia são previstas tri certo rúnero de órbitas, aro mostrado na figu-

ra 8.1. O comprimento das trajetórias foi transformado ai' tapo emprega 

do pelo satélite, para descrever estas trajetórias. 

o cálculo foi feito sanente para cobertura continental, 
seja para o Brasil aro tarrtkn para outros países, dentro da faixa de 

cobertura da estação. Para o cálculo, foi suposto que, as trajetórias, 

&ntro da área de cctertura da estação sejam paralelas. 

O ângulo de iluninação solar depende da latitude e das 

estaç6es do aro; isto é mostrado na Fig. 8.2. É oportuno ter eu rente 

que dentro da área aberta pela estação de recpão de São José dos Cam 

pos, o Angulo solar é sempre maior que 17 graus. Para os nossos propSsi 

tos este ângulo deve ser considerado satisfatório. 

Para 50  de elevação, trinta e três (33) órbitas cortam 

a área de abertura da estação. Destas, vinte e duas (22), cortam a par 

te terrestre aberta pela estação. 
O teço empregado pelo satélite eu cada dia e as corres-

pordentes, 22 passagens, são mostrados na tabela 8.1. 
O maior tapo empregado pelo satélite, dentro da crtertu 

ra terrestre, é de cerca de 694 segundos. 

No primeiro dia (ver tabela 8.1), o satélite descreve as 

trajetórias 10 e 11, mas somente a órbita 11 corta a parte terrestre. 

No dia 6, por exemplo, o satélite descreve as órbitas 80 e 81 e analoga 

rente assim para cada ir dos 18 dias do ciclo. A tabela 8.1 mostra tam-

bém o terço empregado para cobrir cada país. 
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TtIIPO GAnO 	(s1nJnr6) 

DIA 

flk  PM  
- BRASIL BOLIVIA ARGENTINA CHILE PARAGUAI URUGUAI TOTAL 

1 2?  1! 2121?2 

1 10 11 - 380 - - - 243 - - - 49 - - - 672 

2 24  25  - 281- 39-288 - - -  86  - - -.694 

5 66 67 - 172 - 87 _1350 - - - - - 
- 609 

6 80 8186 138 - 163- 1243 - - - - - - 86544 

7 94 95 --157-35----121 4 

8 108 109 f28135-U3- 190----2398 

9 122 1231 348 9 - 121 111 - 348 241 

10 135 137 348 - 
- 1 	- - - - - - - - 

- 348 - 

11 
1501 

12 164  5430 - - - - - - - - - - 
4301 - 

13 178 1  179 455 - - - - - - - - - - 
- 465 - 

14 192193 520 - - - - - - - - - - - 520 - 

15 206207 550 --  - - - 19 - 569- 

16 216217 5.16 - - - 8. - 78 -602- 

17 5 - - 

- 

- 

- 

35 - - - 35 -85-6w- 

18 248249335 - - - 202 - - - 56 - - - 654 - 

__ ~874  1559 _- 53924969 
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8.3 - Fitas Magnéticas Necessfrias 

As fitas magnéticas; para o gravador NQDC FR 1928 	ver 

rolos de 9.200 pés (280 ri), ou au ternos de tapo de gravação, 1840 se- 

As fitas nagn5ticas para o gravador ICA TR-70-CVR-3E ver 

eu rolos de cxzrpristentjj de 1.200, 2.400, 3.600, 4.800, ou 5.600 pés, ou 

eu termos de gravação, 738, 1.476, 2.214, 2.952, 3.444 segundos, a ira 

velocidade de 19,5 poleg. p.s. 

O c&Iculo de número de fitas foi feito, considerando 	a 

gravação ar ir só rolo do maior número de passagens consecutivas 	pos- 
síveis. 

Este método está ilustrado na tabela 8.2, para o N4PEX FR '  

1928 ou equivalente. O tapo de gravação para a passagen 11 it prixteiro 

dia e 25 no segundo dia, são sarados. O taipo total de gravação para a-

bertura terrestre destas 2 passagens é de 1.366 segundos, ficando então 

474 segundos de fita não usados. 

A tabela 8.3 mostra o n&iexo de fitas necessárias para o 

gravador JCk TR 70-CVR-3E, ou equivalente, nun partc& de 18 dias. O mé-
talo usado para o cálculo de fitas para o Ia TR 70-CVR-3E, ou equivalen 

te, é o resto empregado no cálculo de rx9 de fitas para o AMPEX FR 1928, 

ou equivalente, axu a ulterior condição de que a quantidade de fita não 

usada seja mínima. Se por exatplo: 

tapo de 	- de 	taTçxD não 

(dia, passagens) 	 gravação 	todo rolo 	gravado 

(1,11) + (2,25) + (3,39) 	2056 se; 	2214 seg 	158 seg 

(1,11) + (2,25) + 
3318 se; 	3444 seg 	126 se; 

+ (3,39) + (4,53) + (5,67) 

Usando un rolo de 3.600 pés (2214 seg), ixx1e-se gravar 3 

passagens;o taiço não gravado da fita corresponde a 158 se;. 	Usando 
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um rolo de 5.600 pés (3444 seg) pode-se gravar 5 passagens; o tapo não 

gravado da fita corresponde a 126 seg. O método epregado do minuto teu 

po de fita não usado, escolhe o rolo de 3444 seg de gravação disponlvél. 

As tabelas 8.2 e 8.3 mostram o n(rero total de fitas não 

usadas eu segundos/rolo. 
A tabela 8.4 nostra o número de rolos para os dois grava 

dores, para um período de 18 dias. A tabela 8.5 mostra o custo de fitas 

maqnHcaz para o período de 18 dias. 

O custo de cobertura total (terrestre + atar) será aproxi 

madaiente o dobro do custo mostrado na tabela 8.5. 

8.4 - Estimativa da quantidade de fotografias 

Os dados gravados no sistema de gravação da Estação de 

Rastreio e Recepção serão posteriormente processados e transformados eu 

fotografias. 

Daretos ira estimativa da quantidade final de fotografias 

que o sistema fornecerá. 

Baseando-se nos dados da tabela 8.1,o ni3nero de 	cenas 

(185 }n x 185 In), que a estação receberá por ciclo (18 dias), foram cal 

culadas para a cobertura cmtireital do Brasil e tambn para a cobertu-

ra coritixetaltotal (Brasil e outros países sulanericarxDs. Foi considera 

do que 30% das imagens não seriam aproveitadas devido a excessiva co-

bertura  de nuvens • Das 70 % restantes serão feitas 10 c5pias prelimina-

res (consideramos 10 usuários) eu papel e transparência branco e preto. 
Destas Imagens preliminares considerou-se que 20 % seriam compostas eu 
cores. Das imagens preliminares (bulk), onsiderou-se que 30% serão 

transformadas eu imagens de precisão e copiadas para 10 usuários. Consi 

derou-se que todas as imagens de precisão serão compostas eu cores. As 

tabelas 8.6, 8.7 e 8.8 ilustram estas considerações e cálculos. 
Cm as estimativas acirra nencionadas a quantidade total 

de fotografias fornecidas as usuários por dia está mostrado na tabela, 

8.9. 
As tabelas, 8.10 e 8.11, mostram, os custos do processa-

nento fotográfico por dia para o Brasil e para cobertura contiraital to- - 

tal. 
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A tabela 8.12 mostra o custo anual total para as otertu 

ras indicadas. 

O usuário brasileiro vai dananlar anualmente 75 % de una 

gens preliminares e 25 % de precisas; as imagens coloridas, prelimina-

res e de precisão, representam 9 % do total de imagens. 
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TABELA 8.10 - CUSTO DO PROCESSAMENTO FOTOGRÂFICO POR DIAPARA O BRASIL 

Processamento preliminar uss 

Filme 70 m 5.0 

Revelaçio de 98 imagens/dia 13.0 

700 cópias em papel branco e preto 150.0 

700 cópias em transparências branco e preto 150.0 

40 cópias em papel colorido 14.0 

40 cópias em transparências coloridas 14.0 

TOTAL/DIA 346.0 

Processamento preciso 

Filme 70 nr 2.0 

Reve1aço de 21 imagens/dia 3.0 

210 cópias em papel branco e preto 45.0 

210 cópias em transparências branco e preto 45.0 

60 cópias em papel colorido 21.0 

137.0 
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TABELA8.11 - CUSTO DO PROCESSAMENTO FOTOGRÁFICO POR DIA PARA COBERTURA 
CONTINENTAL TOTAL 

Processamento preliminar us$ 

Filme 70 nri 9.0 

Revelação de 161 imagens/dia 20.0 

1120 cópias em papel branco e preto 242.0 

1120 cópias eu transparinclas branco e 
preto 242.0 

80 cópias em papel colorido 28.0 

80 cópias eu transparincias coloridas 28.0 

TOTAL/DIA 569.0 

Processamento preciso 

Filme 70 nu 3.0 

Revelação de 35 imagens 4.0 

350 cópias em papel branco e preto 54.0 

350 cópias eu transparências branco e 
preto 540 

100 cópias em papel colorido 35.0 

100 cópias em transparincias coloridas 35.0 

TOTAL/DIA 185.O 
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CAPÍTULO 9 

CUSTO DA ESTAÇÃO DE TERRA 

Analisarenos o custo para a implantação de una estação 

de terra para receber e processar as inforrtaç6es transmitidas pelo sa-

t&ite ERIS. A implantação poderia ser por partes iniciando-se can a 

Estação de Rastreio e Recepção e posteriormente can a Estação de Pro-

cessamento de Imagens. Caii a primeira parte da estação (Rastreio e Re-

cepção) seria possivel rastreiar o satélite, receber as infonnaçëes e 

grava-las em fitas majnticas.  Estas fitas seriam então enviadas para 

a NASA, onde seriam processadas na NDPF (NASA Data Processirç d1ity) e 

seriam posteriormente devolvidas ao Brasil. 

Para evitar a necessidade de cue as fitas maqnticas se 

jau enviadas para os EE.UU., texianos que comprar simultaneamente can 

• Estação de Rastreio e Recepção a segunda parte da estação de terra, 

• referente m processamento de imagens; isso possibilitaria o trata-

mento das fitas magnéticas anteriormente gravadas na Estação de Ras-

titio e Recepção, aqui mesmo no Brasil. 

Apresentaremos separadamente o custo da Estação de Pas-

titio - Recepção e da Estação de Processnnto de Imagens can os restes 

tivos custos operacionais. 

9.1 - Estação de Rastreio e Recepção 

É una estação onde teríros as infonnaç6es do PBV, MSS 

e sinal PCI! de te]atttria eu tetipo real, gravadas eu fitas magnéticas. 

O custo dos ccnstituintes básicos desta estação seria aproximadamente 

os mostrados na tabela 9.1. 



wwnattrL1 aüIr Vx&J2  

1. Pedestal, refletor parabólico 30 Os, alimenta 
dor, extensão da base, receptor de rastreio, - 

programador de rastreio, servo auplificadores, 
amplificadores de potência, conversor de 	ras- 
treio, gerador de c&ligos de varredura, cabos, 
niltiacoplador, cawersor de baixa frequ&tcia, 
painel de interligaçk de PF,controle da ante- 
na. 250.000 

 Pinplificador parantricv (ruo refrigerado) 15.000 

 Receptores para MSS e PBV 20.000 

 Receptor para USE e ftodulador W de subporta- 
dora 768 KHz 18.000 

 Condicicnador do sinal e Deitultiplexador para 
MSS 100.000 

 Processador de video e separador de sincronis- 
mo (VP?SS) 100.000 

 Equipamento de teste 40.000 

 Estação geradora de tempo 5.000 

9 Gravador N4PEX FR 1928 70.000 

10. Gravador ECA TR 70-CVP-3E 200.000 

Jii. "QuJck-look Monitor" para MV 	 1  90.000 

 Sincrtnizador de Bit para o sinal PO4 de tele- 
metria em tempo real 60.000 

 Prédio (300 m 2  ) 50.000 

'IUI'PIL 1.000.000 

76.. 
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ti 	jwesp 4;' Isb)jwfi.3 « 

1 ti WJWSPI p'yw i (s3ae v (. :i 

cx24sTrrun.7rEs PREÇO (tE$) 

1. Fitas magn&icas (na hip6tese que todas as 
fitas gravadas se-iam conservadas no INPE) 60.000 

2. Pessoa]. 

1 engenheiro eletr6nicv 

2 técnicos au eletrEnica para manutenção 

4 operadores 30.000 

3. Material de reposição 50.000 

'1tYrL 140.000 

Estação de 1streio e recepção. 

O preço total desta estação poderia ser dininui& de a-

proximadamente uS$ 100.000 se trocarmos o "Quick'-look ?4titcr" (ítnn 11) 

por txn sSples oscilosc6pio e elSinarnos a compra de eiuipaientos de 

teste (itatt 7). 

Se trocássemos o gravador de gravação paraleia,N4PEX-FR-

1928, por um gravador de gravação srie, n por exemplo o TR70-CVR-3E 

modificado, o preço desta estação aumentaria de aproximadamente ....... 

uS$ 50.000. 

Para que o sistema ficasse altamente cxrifi&vel, seria in 

teres sante a compra de algumas unidades de reservas. 

Há a possibilidade de crescimento desta estação com 	a 

dos erpipnentos para recepção dos outras sinais transmitidos rx 

canal de tEB. Estes outros sinais seriai o DCS (rata Coflecticri SyMm) 

e o 204 de telemetria armazenado. Este crescimento talvez acarrete a 
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de ir gravar digital, por ee,lo o AMPEX FR-2000. A efetiva-

ção deste crescimento areitaria o preço da estação de aprrvdinadaie,te 

Us$ 150.000, sem considerar o preço das rrP ([ata Collecticn Platforn). 

e dos sensores wLLelatc)s a estas plataformas. 

Há tarti&n a possibilidade de crescinEfto para receber 

satélites netecro1gia3s na banda S, tais caio o TIPOS N e 

bastando para isso a carpra de três receptores. 

9.2 - Estação de Prosateto de Imagens 

Esta estação de processamento permite o canpleto pmces-
saTento dos sinais 1V, MffiS e USB (PCI de telemetria e tx) no Brasil; 

dispcên de cmcida& para gerar as imagens preliminares e precisas 

para MV e ?'ES e as CCT ~ter CaTpatible Tapes) para MSS, além de 

fazer análises saltiespectrais. 

A figura 9.1 apresenta a configuracão desta estação com 

pleta de processaiento; notar que o prcxssatnto para as ijiarens pre-

cisas é obtido cnn determinaçio manual dos erros locais em todas as fo 

tos una por una; notar talhu que nesta figura não está mostrado o 

processamento Ifl, a geração das fitas Cfl e o analizador nultiespec - 

trai. 

A estação proposta pode ser separada esqtanaticatente, 

em teni de custo, catfonr mostra a tabela 9.3. 

1 	fim 	 P1€cO (UE$) 1 
Eletmt Bean Ièrder (cnn controles) ....... 

MV e !€S processatento preliminar (bulk) 

1W e I'GS processnnto preciso ............. 

Fitas WP para MSS .......................... 

S . Processamento EXS ........................... 

6. Analizabr niltxewiectral ................... 

200.000 

1.200.000 

E:IsI,NsIiIs] 

100.000 

200.000 

250.000 
2.750.000 
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ig. 9.1 - Estação de Prooessnnto de fluagais 



Notar que o processador esta incluído no item referente ao 

processamento preliminar; notar tavb&n que neste item não esta inclutd3 

o preço da geração das fitas IAT (Imaqe Mnotation Tapes) e das fitas 

"Erros Fixos", pois considerou-se que a NPSA fornecerá ao Brasil estas fi 

tas para as correções preliminares e anotações. 

No ítsn 3 a geração destas duas fitas já esta incluída; ou 

seja, para passar do processamento preliminar ao processamento preciso 

ecu geração das fitas IAT e "Erros Fixos" haveria um aumento de aproxima-

damente US$ 800.000. 

Os graus de sofisticação do sistema podem ser considerados 

(U5$' 

19) Imagens seu correções e anotações ............. 200.000 

29) Imagens preliminares anotadas, ecu fitas IPT e 
"Erros Fixos" fornecidas pela NPSA ........... 1.400.000 

39) Imagens preliminares e precisas anotadas, 	ecu 
fitas IAT e "Erros Fixos" geradas no INPE 2.200.000 

49) Ítan 39) mais geração de fitas CC para RSS 2.300.000 

59) ítart 49) mais processamento EX3 .............. 2.500.000 

69) íteu 59) mais análises multiespectrais 2.750.000 

Notar que os gravadores utilizados para reproduzir as fi-

tas gravadas na Estação de Rastreio e Recepção, para o consequente pro-

cessamento, nio estio aqui cotados, pois considera-se que as estações de 

rastreio-recepção e processamento estio eu um mesmo lugar. Se isto não 

for possível, o custo da estação de prossaTento aumentaria do preco cor 

respondente aos gravadores (US$ 270.000). 
A tabela 9.3 mostra o custo anual de operação e manutençio 

da Estação de Processamento de Imagens, incluindo o processamento fotcxr 

fico. 
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DFSCPIMINJ½Çk 	 PPEÇO (US$) E 

Fitas digitais de wtitador (CCP) 	 20.000 

Pessoal 

• 3 engenheiros 

• 2 técnicos para manutenção 

• 8 operadores 	 60.000 

Material de reposição 	 100.000 

Processamento fotorfia, 	 176.000 

!ItlI'AL 	 356.000 

9.3 - Resumo do Custo Total da Estação 

O custo da Estação de Rastreio e Recepção mostrado na 

tabela 9.1 (US$ 1.000.000) seriam acrescidos de US$ 150.000 (para possi 

bilitar a recepção dos sinais liS e PGÍ de telemetria anuazenat não w 

tados na tabela 9.1) e de mais tJSS 50.000 para a aquisição de algumas 

unidades de reservas que seriam quase indispensáveis. Então o custo da 

Estação de Rastreio e recepção seria de US$1.200.000. O custo operacio-

nal para um ano seria conforme mostra a Tabela 9.2 de us$ 140.000. 

81. 
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O custo de investimento para a aquisição da Estação de 

Processamento de Imagens seria acrescido de US$ 270.000 correspondente 

aos gravadores adicionais; resultaria então no total de US$3.020.000.o 

custo operacional para um ano seria conforme a tabela 9.4 de U5S356.000. 

Então tertatos resxnidanente o custo total de investiziEn 

to e operação para wi ano da estação: 

Estação de Rastreio e Recepção 	 1.200.000 

Estação de Processamento de Imagens 	 3.020.000 

Total 	 4.220.000 

OPERPIÇÃO P}IUAL 

Estação de Rastreio e Recepção 	 140.000 

Estação de Processamento de Imagens 	 356.000 

Total 	 496.000 

Então o investimento na axnpra dos e4uipanentos si, cru 

zeizos considerando o valor atual do d61ar (Cr$ 5,845) ser de ....... 

Cr$ 24.665.900,00. 

O dettolso desta quantia ocorre de ac.vrdo can o Cio-

ncrjraua da Fig. 9.2; é previsto 25% do total na assinatura do contrato 

ar as firmas; 15% do total no fim do segundo, terceiro e quarto nEs a 

pós a assinatura do contrato; 20% do total no embarque dos eauipaientcz; 

10% do total no término das instalaç6es. 

É oportuno lembrar que as firmas que estio se propondo a 

vender os equipamentos para a estação estio dispostas a conseguirem fi-

nanciamento internacional. 
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R4. 

CAPÍTULO lo 

CRONOGRAMA DE IMPLANTA 

ÇÃO DA ESTAÇÃO 

o lançamento do satélite EPI'S-A está previsto para 	18 
de junho de 1972. Se a enanienda for feita eu maio a parte de recepção 

e gravação estaria qeraãional eu novato de 1972. A parte de processa 

mento de imagens, un a dois meses depois. 

Satélites de exploração dos recursos da Terra tais ano 

PX)S e porventura outros EPTS dano continuidade ao programa. 

A tabela 10.1 mostra o cronograna de implantação da esta 

a tabela mostra que o prédio onde será instalada a estio deve 

estar concluldo até o início de novembro de 1972. 
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CAPtTULO 11 

CONCLUSÃO 

Esperamos que atravs dos capítulos anteriores tenha 

ficado claro que a instalação da referida estação no Brasil representa 

rã iria técnica valiosa no levantamento e preservação das riquezas do 

I 
 

pais. 

O esforço do INPE em dotar o Brasil desta estação é de 

relevante importância principalmente no que tange à solução de proble-

mas fundamentais do país, tais aro aqueles enumerados no capítulo 1. 

A estação proposta pelo INPE em sua versão completa 

irá permitir ao Brasil receber os dados de todo o territ&io nacional e 

transformá-los eu tri conjunto de sete fotografias nas faixas espec-

trais do visível e infravermelho próximo; estas fotografias poderiam 

ser distribuídas para todas as entidades brasileiras interessadas este 

conjunto de 7 imagens (3 fornecidas pelo sistema de televisão e 4 pelo 

sistema imeador) são renovadas de 18 eu 18 dias, devido à cobertura 

repetitiva do satélite. Esta estação na sua versão mais completa custa 

ria da ardem de Cr$ 24.650.000,00. 
A participação do Brasil no programa EPI'S e consecuti-

vamente nos futuros programas de exploração e levantamento de recursos 

da Terra, utilizando plataformas orbitais,resultarí eu enotes benefí 

cios ao país a custos relativamente baixos rparados ai a grande vas 

tidão do nosso território. 

La 
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APÊNDICE A 

EQUIPAMENTO SENSOR DA ESTAÇÃO 

ORBITAL AMERICANA (SKYLAB) 

Alcnms dos equipamentos de satsoriatento a serem 'uti-

lizados nos experimentos de observação da Terra incluem: 

i) Equipamento fotogúf ia) multi-espectral (5-190) 

Este experimento emprega seis c&teras de alta precisão de 70 nu, 

com casamento entre as distorções e lentes de distância foca], de 

15,2 au (21.29 campo de visão através de planos) dando una ccbertu 

rade área de 163x1631au (88x88 milhas náuticas) eiraescala 

de foto de 1:2.800.00. As lentes são alinhadas e montadas num pai-

nel de lentes simples cnn seus eixos óticos paralelos a menos de 

um minuto de arco • As imagens serão registradas dentro de 5 mí-

crons • As câmeras são equipadas com obturadores srncronos, arven-

sados para o movimento do veículo espacial. Espera-se que o siste-

ma atinja una resolução (filme-lente) de mais de 100 linhas por 

milímetro eu cor. A resolução terrestre efetiva poderá ser de, a-

proximadamente, 30 metros • O sistema é planejado para as seguintes 

combinações espectrais de carpriinto de cndWfilxt: 

0,5 a 0,6 mícrons - Pan X filme preto e branco 

0,6 a 0,7 mícrons - Pan X filme preto e branco 

0,7 a 0,8 mícrons - Filme infravermelho preto e branco 

0,8 a 0,9 rnicrons - Filtre infravermelho preto e branco 

0,5 a 0,88 micxtns - Infravermelho colorido 

0,4 a 0,7 micrccs - Hi-Res colorido 

As faixas espectrais cobertas pela missão 5-190, geralmente, corres 

pcndan à cobertura espectral planejada para os aparelhos de vanedu 
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ra (Scanners) multi-espectrais e para as câneras "Iturn Bean Vidi 

ccn" (RBV) do EIU'S. Sensores semelhantes serão usados au aviões pa 

ra permitir a correlação de observações siinultineas do "SKYLAB', 

EI?TS,areas e terrestres. 

ii) Aparelho de Varredura (Scanner) multi-espectral (5-192) 

Este sensor proverã valores de radiação eu várias faixas 	espec- 

trais, atravs de varredores ar ângulo de 109 para produzir fai-

xas de 78 km. Cada faixa terá um caço instantâneo de visada de 

80 metros quadrados. As faixas espectrais são, aproximadamente: 

0,410 a 0,460 inicrons 

0,460 a 0,510 microns 

0,520 a 0,556 mícrons 

0,565 a 0,609 microns 

0,620 a 0,670 mícrons 

0,680 a 0,762 microns 

0,783 a 0,880 mícrons 

0,980 a 1,080 microns 

1,090 a 1,190 microns 

1,200 a 1,300 mícrons 

1,550 a 1,750 mícrons 

2,100 a 2,350 microns 

10,200 a 12,500 mÍcrons 

iii) O conjunto de cateras considerado para o "SXVLAB" consiste de una 

c&tera modificada Hycrra KA-74. 

Este epipwento teu una lente ar distancia focal de 18 polegadas 

de axnprinento e produz imagens de 4.1/2 x 4.1/2 polegadas eu ro-

los de filmes de 5 polegadas de largura. O equipamento foi gualifi 

cado para uso au sat1ites tripulados mas, embora possa ser usado 

para fotografias vertical e cbliqua não é tina c&nera de mapeaiento. 
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O equipamento que está sendo considerado para os pos-

síveis futuros vEios do "SEYLIB" II ai III, inclue ira c&nera de inaçea 
mento de terreno ain au comprimento focal de 12 polegadas, can formato 

de filme de 9 x 14.1/2 polegadas, para o qual lentes dando adequada 

cobertura podem ser dDtidas; una civera de altitude estelar can canpri 

mento focal de 6 polegadas usando filme de 70 mm; au .altfrretro de la-

ser; e una câmera de cnuprisrento focal de 12 polegadas ocm formato de 

filme de 9 x 18 polegadas. Una càiera •panormica do programa lunar,tam 

b& poderi ser usada. Esta crrera teu cuiiprirento focal de lentes de 

24 polegadas, 108°  de varredura, caixilho de 4.1/2 x 45 polegadas, a-

bertura F33 e, é capaz de produzir 1.650 exposiç6es. Considera-se que 

fotografias desta câmera dariam detalhes de mapearnento na escala de 

1:50.000 e 1:25.000. Copiadores de retificaçk e transfomnaçk que, es 

sencialinente duplicam a geanetria do sistema adotado estio sendo desen 

volvidos. 



rÃ 

PRESIDtNCIA DA REPÚBLICA 
CONSELHO NACIONAL DE PESQUISAS 

INSTITUTO DE PESQUISAS ESPACIAIS 
Sã, Jost dos Campo. Estada d. S. Paulo Biasil 

APÊNDICE 8 94. 

20 de março de 1972 

Of. :144/72 

Senhor Presidente: 

Como principal Ergio de pesquisas espaciais 	(O! 
creto 68532/72; art. 29; paragrafo Jnico) e executante do programa 
de sensoriamento remoto iniciado em 1968, coei autorização do Presiden 
te da Reptlbljca, pedimos vênia para apresentar uma situação problenii 
que interessa do Brasil e sugerir solução. 

- Considerando que a agência espacial civil dos 
EELJtj, NASA, ira lançar  em junho do corrente ano 
O primeiro satélite do programa ERTS ( Earth 
Resources Technology Satellite), destinado ao 
levantamento dos recursos naturais da Terra( Vi 
de Anexo 1); 

Consederando que a NASA não estende, via de re 
gra a outros países, a possibilidade de ter em 
seus territorios estaç6es proprias, para recep 
ção direta dos dados coletados e transmitidos 
Por tais engenhos espaciais, tendo entretanto 
aberto exceção nos casos do Brasil e do Canadi, 
em reconhecimento ao razoavel sucesso que ambos 
tem obtido no estudo e no emprêgo de tecnicasde  
sensoriamento remoto para o levantamento de re 
cursos naturais (Anexo II); 

Considerando que o Brasil, em instalando em seu 
territ&rio, unia estação para recepção dos dados 
transmitidos Relos satélites do programa ERTS, 
estarã, atraves de um investimento relativamen-
te pequeno, se beneficiando enormemente de um 
sistema que esti custanto para os EEUU uma quan 
tia 60 vezes maior. 

Considerando que o fato de recebermos tais da 
dos diretamente no Brasil, sem outro pais como 
intermediario, se constitue em mais um fator de 
salvaguarda dos interesses e da segurança nado 
nais (Vide Anexo III); 

Ao Exmo. Sr, 
General Arthur Mascarenhas Façanha 
DD. Presidente 
Conselho Nacional de Pesquisas 
Av. Marechal Camara, 350 
Rio de Janeiro - GB 

Anexos: 1,11,111,1V 
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P. R. - C. N. Pq, 

Comissio Nacional de Atividades Espaciais 

CoMinusçlo: Of. 144172 de 20 de março de 1972 

- Considerando que todas as instituições bra-
sileiras ligadas à cartografia, ao levantanen 
to e a exploração de recursos naturais, se Si 
neficlarao de tais dados; - 

- Considerando que para que o Brasil possa ,como 
almejam todos os brasileiros, conseguir um lu 
garde destaque no consenso mundial de naçEeI, 
tera que superar os vários anos de estagnação 
a_que esteve submetido, queimar etapas, atra-
vés de adoção de medidas de natureza da que & 
motivo o presente documento; 

- Considerando que o INPE, já vem desde alguns 
anos fazendo estudos sobre o problema (Vide A 
nexo IV); 

vimos solicitar ao Conselho Nacional de Pesquisas, urgente providências 
no sentido de que sejam alocadas a este Instituto, verbas extra-orçamen 
tarias para a aquisição do sistema terrestre que possa habilitar-nos a 
recepção e ao processamento dos dados transmitidos pelos satélites da 
série ERTS. O caráter de urgência e ditado pelo fato de que tal siste-
ma terrestre devera estar operando o mais tardar em dezembro de 1972 e 
para que isso seja possível, dever-se-á passar imediatamente ao proces-
so de compra do mesmo. 

Mais especificamente, as verbas solicitadas as 
sim se distribuiriam: 

- Sistema de Recepção e Armazenamento dos Dados: aprox.Cr$ 6.000.000,00 
- Sistema de Processamento de Imagens 	 Cr$18.000.000,00 

Total aprox.Cr$24.000.000,00 

- 	 Informo outrossim que a NASA concordaria em fa- 
zemos convenios com a Bolívia, Paraguai, Uruguai, parte do Peru,do Chi 
le e da Argentina, para levantamento de dados de seus territõrios, casa 
interessem a estes países. 

Tal estação permitiria, além disso ampliar por 
um grande fator de rentabilidade do Projeto RADAM, o qual ia foram aloca 
dos recursos da ordem de cem milhões de cruzeiros. - 

A arrancadapara o progresso que está sendo con 
seguida pelo atual governo tem sido possível graças a pronta adoçao d 
medidas como a que ora e sugerida - daí temos decidido apresentar a i-
déia de obter os Cr$24.000.000,00 de recursos extra orçamentários para 
que, ainda neste exercício, possa o Brasil beneficiar-se de mais uma 
realização de impacto. 

.24 
Fernando de Mendona 

Diretor Geral 

EBT/ekm 
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PRESlDNClA DA REPÚBLICA 

CONSELHO NACIONAL DE PESQUISAS 

INSTITUTO DE PESQUISAS ESPACIAIS 
$4. iaM dos Campas - Estado de S. Paulo . Brasil 

BRAZILIAN STATION FOR TRACKING, RECEPTION ANO PROCESSING 

FOR EARTH RESOURCES TECHNOLOGY SATELLITES (ERTS) 

This document, whose publication vias author 

ized by the undersiqned, contains a detailed description of the specifi 

cations for the INPE station for ERTS prograrn. 

It is possible to able to record the 	MSS 

and RU channels by late 1972 and have the automatic data processing 

system ready by March 1973. 

This document is the result of team 	work 

on the subject, and the engineers Ronaldo V. Guimaries and Mame C. Ser 

rano had a special participation in it. 

Fernando de Ilendonça 

General Director 
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CHAPTER 1 

1 fl T R O O li C T 1 O LJ 

1.1 - General Considerations 

The purpose of this document is to present a study on 	a 

ground station to receive in Brazil the infonnation transmitted by satel-

lites of the ERTS series,the f irst of which will be launched by NASA i  June 

1972. 

According to the final document submitted to NASA by Gen-

eral Electric (firm contracted by NASA to do the study of the ERTS 	pro- 

gram), the satellite and its recording systetn has a life span of one year 

and one thousand hours of operation, respectively. Taking into 	account 

that the data obtained by ERTS are of great usefulness for many countries, 

one might estimate that the one thousand hours of operation forecast for 

the wide-band tape recorder will be attained within approxinately 6rronüis 

after the satellite lauching. So that the information destined te Brazil 

is not interrupted, it should receive it directly from the sateilite 

through a ground station. As the station installed in the Brazilian 

territory could receive real time data covering many other South American 

countries, the Brazilian government with NASA concurrency may eventually 

contact the governments of those countries to verify if they are interest 

ed in participating in the program. 

With such a station, Brazil could have at its disposal 

the necessary means to monitor in a repetitive way the resources of 	its 

territory. At any given day we could have infonnation in image form and 

digital magnetic tapes from the most rernote and farthest points of 	the 

national territory. These data could be provided to all the 	Brazilian 

agencies, private or not, which are linked te Carthography and Surveying 
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and/or Exploration of natural resources. 

Brazil 's participation in the ERTS Prograin and in future 

programs on natural resource sateilites wouid make It possibie: 

- To develop a map on the use of the Brazilian sou; 

- To ciassify per arcas the geological characteristics of 

the Brazilian sou; 

- To develop an agricultura] map for Brazil; 

- To develop a niap of the Brazilian forest reserves; 

- To reduce losses in the agriculture through fast ident 

ification of plaque infestation; 

- To plan the distribution of the yearly production to 

the whole Brazil through estimating of the crops per 

arca; 

- To increase the production through the deterniination of 

soil characteristics and water reserve control; 

- To plan in a better way the rural and urban developnient; 

- To identify geologicai features, such as faults, folds, 

lithology, etc.; 

- To monitor dynamic phenomena such as sedinientation,coast 

al changes, erosion, crop growing, water reserves, levei, 

etc.; 

- To evaluate the development at the constructing of big 

highways such as those under construction in the Amazon 

region; 

- To collect data at fixed stations in remote points 	of 

the Brazilian territory, such as: levei of the waters af 

lakes, reservoirs and daíns; soíl hurnidity, surface tenip-

erature; ocean salinity; ocean currents; atmospheric p01 

lution; direction and velocity of the winds, etc.; 

- To make an inventory of the water sources; 

- To identify, monitor and evaluate the atmosphere and 

water pollution; 

- To increase the fish production through the localization 

of the cold sea currents, of arcas biologically rich and 
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of ideal tenlperature conditions for fishing; 

- To pian in a better way sea voyages through sea condi-

tions detected; 

- To detect big navigation disasters; 

- To make cartography surveying of the whoie Brazilian 

terri tory; 

- To make surveying of cioud coverages; 

- To provide surveying of cloud coverages; 

- To provide information with dernographic inferences,etc.; 

- To better plan the occupation of areas, such as Aznazon 

region, and fiscalize such an occupation so as to make 

it rational, without major modification of its ecologic 

ai equiiibrium. 

1.2 - The Brazilian Environment and the Imagery coliected 

by Sateilite 

A way to take advantage of an imense region like the in-

terior of Brazil, an area of 6 miilion square kilometers with a popu1a - 

tionai density of only 2 inhabitants per square kiiometer, would be to 

deveiop in it activities compatible with its vastness and 10w popuiation 

density. These activities could initiaiiy be restricted to points of um 

ited areas where emphasis could be put on the expioration of local natir 

al resources. The satelIite capability to cover extensive areas of the 

Earth Surface in a short time and with relatively moderate expenses suit 

the necessity for ample initial surveying of these reinote areas. 	This 

basic surveying, in its turn, will make possibie the concentration 	of 

iater surveys with airplane or conventionai methods of surface in reiativ 

eiy sinal areas. 

In relation to intennediary regions, between the central 

areas and the coast, aiso vast with about 2.5 million square kilometers 

but, in contrast, with a popuiation density of 35 inhabitants per square 
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kilonieter, the use of sensors in airplanes, flying at high altitudes or 

on orbital platfortn, besides aliowing the finding of new sources of nat-

ural resources or additional exploration of existing productive source, 

will certainly be useful in the econotnical exploration and control 	of 

the agriculture and forests on a regional leve]. The necessities of cur 

rent infortnation abqut the use of the earth and about the growing 	and 

condition of plants present an almost unlimited demand for data collect-

ed by reçnote sensing . Data collected from orbital altitudes have a 

special meaning for a country where extensive agriculture is predominant 

and the forests are in general huge. The data collected for specialists 

in agriculture and silviculture will probably be of equal importance for 

geographers and planners interested in ample regional developments. 

On the other hand, there are at present in Brazil,organized 

efforts to solve the probleins of econotnic developnient of imense regions 

with extremely different characteristics such as the humid Amazonic Basin 

and the dry Northeast. 

An example of the application of data on soils, collected 

by sateilite, would be that of help in the changing of existing conations 

in the"campos cerrados", found in an area of about 1.5 million of square 

quilometers in Central Brazil and inabove mentioned intermediary region. 

The research has shown that the problein is essentially of high acidity of 

the soB, what can be minirnized through the addition of dolomitic calcar-

eous and fertillzers. Along the extensive Brazilian Coast with more than 

7 thousand kilometers, the data colIected fran orbital altitudes could 

delineate temperature contrasts which characterize the configurations of 

tIie Brazil current, on South and East Coast, and of Falklands currents 

(Malvinas) which reach the shores of extreme Soutfl during the Winter. 

Besides being important to the navigation, this information presents cor-

relation to the inovement to sea biological connunities and therefore to 

conuercial fishlng. 
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1.3 - Systematic Survey of Natural Resources and the 

Images of Sateilites 

With surveys in 5 height leveis as described later we 

could present a generic program which would pernit to execute fast and 

economicaily: 

- regional mapping, and 

- selective mappings of more promising areas 

for the deveiopment of a determined region. 

In this program, links of a dependenty have been estabiished, 

with increasirig detalis, where it is preuSned that a levei of detection may 

serve as truth" for the preceding higher levei besides bringing a contribu 

tion of new information. 

This approach results In a fiitering system which besides 

making it possibie to seiect more promlsing areas in each levei of survey, 

would lead to a process for fast reductiõn of areas, where the evaivation 

or interpretation of data on larger areas would permit a rapid elimination 

of the parts of these areas that wouId show iess potential. 

In order to better locate the probiem some information items 

on the coiiecting vehicie and the type and format of the data produced are 

then shown. 

1.3.1 - Levei for Orbital Survey (Highest Levei) 

1.3.1.1 - ERTS Sateiiites 

The first Earth Resources Technoiogy Sateilite, known as 

ERTS-A, =ntioned previousiy,wlil be iaunched by NASA in June 1972.Further 

infor'mation about it and its sensing and recording equipments wiil be pre- 

sented in this report. 
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1.3.1.2 - SKYLAB 

In addltion to the sateilites of the ERTS series, NASA 

will launch In 1973 an experimental space station, with a crew of three 

people, known as USKYLAB  WORKSHOPM. Thls spacecraft will orbit at altitudes 

of 435 km (235 nautical miles), with an inclination of 500  and will rotate 

crews during three periods, the first of 28 days and the second and third 

of 56 days. In a total period of 8 months, 5 months will, practically,have 

unanned operation. 

Besides a great many scientific experiments, observations 

of the Earth are progranned for this project. As the Brazilian territory 

wili be entireiy covered by orbits of 500  of inclination in relation to 

the Equator, these observations will be particularly interesting to Brazil. 

The sensing equipments of the Orbital station are described 

In the Appendix A. 

Brazil, through INPE, proposed to NASA to participate in 

such program. 

1.3.2 - Mrcraft Survey Levei at I4igh Altitude 

To give an exampie of thls level we take the case of the 

Mazon Reglon wflere a CARAVELLE, of *.ASA Engenharia e Prospecções S.A."; 

flylng at a speed of 700 kn/hour (380 knots) and at an altitude of 11.000 

to 12.000 meters (36,000 to 40,000 feet) above the ground, is utllized 

for acquisition of radar imagery and photographic data. The Side Looking 

Radar (SLAR) utillzing synthetic aperture, type Good-Year model 102, presents 

spatlai resolution better than 20 meters in all points of the imaes. It 

works In OXO band (3 ciii of waveiength). 

Ali the flights, controlled by a inertiai navigation system, 

are performed along lines in the orientation N-S, making a lateral scanning 

of 37 km width, witfl adjacent scannings overlap of 30%. The presentation of 

the results is being perfonned in mosaics of 10  x 1.5° , in the scale of 

1:250.000. 
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The geographical linking of the lines of flight has been 

obtained through the use o? SHORAN stations with deteriiined geographic 

coordinates by observation of sateilites with a Transit ground station 

operated by LASA and AEROSERV ICES. 

Besides the radar, a nietric camera ZEISS is being utilized 

with a super-big-angular lens, provided with false-color infrared film.Its 

field of view permits overlapping with radar images. 

The photos are being taken with 60% of longitudinal over-

Iapping and small lateral overlapping and are presented in film format 

23 x 23 cm (9 x 9 inches), in a scale of 1:130,000. 

Sirnultaneously with the photos of the netric camera, multi-

spectral photos in black and whlte have been obtained with a 125  camera of 

four ienses. The scale is o? 1:73,000 with four images displayed on every 

fiim frame of 23 cm. The coverage is therefore partial , almost 25% of the 

total. 

1.3.3 - Aircraft Survey Leve] at Medium Altitude 

In the third levei, which wouId be an aerial reconnaissance 

on regional scale, performed at this time at medium altitudes, it would be 

sought to conciliate the employment of geophyslcal sensors, considered today 

as a baslc requirement for the geological reconnaissance of great areas, 

such as imiltispectrai aerial photographies, In scales of current use ainong 

the photo-lnterpreters lnterested In the additional disciplines. 

The fiight altitude in thls survey, which mlght be qualified 

as a transition, would be between 9,000 to 11,000 feet above the ground 

(3,000 m nominal) with flight lines spaced 5 cm, cut by transversal lines 

each 25 lan. 

To control fiight lines and their geographic positioning, 

inertial or doppler navigation systems are used. 

It is appropriate to say that the utilization of othersensors 

such as eiectro,nagnetometers, thermal imagers, spectrometers of gama or 

mercury radiation, due to the fact that their maximum altitudes of aerial 



use are very low and, therefore, are incompatibie with that specified to 

this stage. 

The No preceding stages, where we would seek to take ad-

vantage of sensors susceptible of being applied in large scale areas, 

would be complemented by the one just outlined, in which a survey of 

transition from regional to local is suggested. This survey, in accept-

able conditions of performance, time and cost, would give data whose 

nature and degree of definition would perniit more selective studies. The 

information obtained through these surveys would certainly make possible 

not only the basic mapping but also the choise of more promising areas 

which would be the targets of the conventional detailed surveys mentioned 

next. 

This selection would be obviousiy facilitated by a study of 

existing infortuation about the region and by the consideration of the data 

collected during the visual aerial reconnaissance, forecasted also for 

this stage. 

The set of accumulated data in the thirdstage would serve as 

the hltruthu  for the preceding higher leveis of reconnaissance. 

1.3.4 - Aerial Detailing Level at Medium and 

Low Altitude 

The services for detaiied surveying of the areas selected as 

more promising in the preceding stage would require a specific planning for 

each case. However, certain steps seem to be indispensabie. It is included, 

in this case, a preliminary measure which aims at eliminating the natural 

uncertainties of interpretative processes: a short trip for reconnaissance 

of the ground, to the areas, qualified as promising. Probably, the data of 

greater interest to be obtained in loco would be geochemical ones. Distances 

and difficuities to reach the areas would be factors considered in the 

priority classification of the areas considered as proniising. 

( 
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Initially, at this levei the utilization of the foliowing 

sensors in combined systein would be consldered. 

- Irnagers (thermal in the visible in the ultraviolet,etc.); 

- Magnetometers; 

- El ectrooiagnetometers; 

- Mercury Spectrometers; 

- Gama radiation Spectrometers. 

Ali these sensors should be used in flights at low altitude. 

The piotting of the data collected would be in scale of photomosaics obtain 

ed by aerial photographic coverage in scales more convenient to cartographic 

needs of each target-area. 

In the sarne way as in the third stage, the flights wouM 

continue to be utilized for visual observation. Once again this levei would 

serve as "truth" for the preceding leveis by a re-evaluation of the areas 

quaiified as promising and would permit a final selection of those whicfl 

would deserve the studies of the next stage. 

1.3.5 - Ground 

Aithough the surveys at th4s levei are quaiified as "ground 

truth", the work which would be done in it should also have an expioratõry 

feature. The sites chosen shouid be considered as advanced bases for relat-

ively prolonged operation and even as eventual poles of deveioprnent of the 

area. 

Considering these conditions, bigger investments in the deve! 

opnient of the chosen areas wouId be justified. Such a development should in-

clude, for example, the buiiding of landing fields and other material re-

sources which, besides allowing a longer pemanence of the personnel at the 

place, would pennit the efficient execution of the field works. 

In a more critica] fonn than in the preceding stage, the re-

search on the ground to be perfortned in these areas should be object of 

carefui specific planning 
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CHAPTER 2 

EPTS S Y S T E M 

The contrai and conservation of the natural resources of 

the earth is vital to the future of manklnd. An atternpt for such contrai 

and conservation will be done through the ERTS Program (Earth Resources 

Technology Sateilite), under NASA responsibility. 

The ERTS-A will be the first of a serie of sateilites 

airning at providlng the ?lrst data about the natural and cultural 

resources o? the Earth collected by a systematic way and will be launched 

In June 1972. This satellite with a forecasted lifetirne of one year, will 

have a quasi polar circular, sun-synchronous orbit, so that each point 

of the earth surface be repeated covered each 18 days always at the sarne 

tine. 

The ERTS sateilite will carry a Multispectral Scanner 

System (1455), Return Beam Vidicon (PBV), Wide Band Tape Pecorders (WBTR), 

and a Data Coliection Systern (DCS) for the acqulsition of data from earth 

based Data Coilection Platfonns (DCP). The satellite's payload will 

inciude, in addltion to the two sensing systems, equipinent to transrnit 

outputs from the sensor plus in?ormation about housekeeping and the status 

of the spacecra?t. The sateilite will transmit synchronization and 

calibration signais along wlth the vídeo signais. 

The data orlginated by the 1455 and RU, the DCS signais, 

the tracking signais and the infornation on the operating status of the 

systeni will be transmltted to ground in the S-band frequency range. On 

the ground such data wili be received, recorded and transfonned later 

In photographic images and digital tapes for direct access to the 

computer (CCT - Computer Compatible Tapes). 

The ERTS Program is the precursor o? the EROS Program 

which comprises sateilites for observation o? Earth Resources (EOS) and which 



should be implemented by NASA in the second half of the this decade. 

2.1 - Sensors 

The spectral band covered by the two types of sensors (RBV 

and MSS) has been chosen with great care and with the help of severa] user 

agencies of the ERTS Program. 

The television caneras (RBV) have been designed for the 

foliowing spectral bands: 

0.475 - 0.575 microns (blue-green); 

0.580 - 0.680 microns (orange-red); 

0.690 - 0.830 microns (red). 

The lower band, 0.475 - 0.575 microns,wil1 alias the study, 

for example, of areas where Um water predominates. The upper band, 

0.690 - 0.830 microns, centered more or less in 0,750 mícrons (peak of 

radiation for chlorophyll) wUl allow the study of areas covered by green 

vegetation. The upper limit of 0.830 mícrons represents the limit response 

of the televlsion systein. The Infonuation of the infrared is Iocated above 

this limit, also required by the users of ERTS; to provide this information 

and to also cover the sarne band of the television system, the multispectral 

scanner (MSS) was specified. The MSS provides inforvnation in the 

following bands: 

0.500 - 0.600 mícrons (green to orange); 

0.600 - 0.700 nicrons (orange to red); 

0.700 - 0.800 microns (red to near infrared); 

0.900 - 1.100 microns (near lnfrared). 

The three flrst bands are In the visibie spectrum  

and tfle Iast one In the near lnfrared. In each band there are six photo-

detectors. A simple scanning of the inirror of the ntuitispectrai. 



12. 

scanner will provide inforination about a strip of 100 nautical miles 

for ali the 24 photodetectors. Table 2.1 shows the main characteristics 

of the two sensors (RBV and MSS) and of wide band tape recorder (WBVTR) 

of the satelilte. 

The resolution or definition of the resulting multispectral 

images of the two types of sensors are froni 60 to 130 meters, but it has 

been forecasted that some ob.Jects of sntaller dimensions can be dlscovered 

and recognlzed. The images wili have scale of about 1:1.000.000 and may 

be transformed, on the ground, In biack and white photographs for each 

sensor spectral band. Thus, for each area of 100 x 100 nautical miles there 

wili be seven images. The several irnages may be cornposed so as to provide 

color or false color Images. 

The second Earth Resources Technology Satelilte, ERTS-B, 

wlil have essentlally the sarne speclflcations of the ERTS-A, except for 

the additton of an extra spectrai band in the multispectral scanner (10.4 

to 12.6 microns - therwal lnfrared). 



Table 2.1 - Multispectral Sensors (RBV and MSS) and Recorder (WBVTR) 

Characterlstics. 

RBV Camera Subsystem 

Chanctertitjc Cainera No. 1 	Camera No. 2 Camera No. 3 

Spectral Bandwidth (nanometen) 475-575 	580-680 690-830 

Resolution (ar maximuin scene highlight contrast) 450O TU 	4500 TVL 340O TU 
Edge Resolution (percentage o(center) 80 	 80 80 
Signal-to-Noise Ratio (ai lo TU) 33 dS 	33 dB 25 dB 

Dynamic Range 	 . -50:1 	50:1 50;I 
Cray Saie ( ..f2 tnnsmission steps) lO 	 LO 8 
Horizontal Scan Rate (Iinesfsec) 1250 	1250 1250 
Nwnber o( Scan Unes 4200 	4200 4200 
Readout Time (seconds) 3.5 	3.5 33 
Video Bandwicjtli (MHz) 3.5 	33 3.5 

Time Between Picture Seta (seconds) 25 	 25 25 
ExposureTime(milliseconds) 8, 12 o 16 	8,12w 16 8,12w 16 
Image Distortion (maximum) 	. • I% 	 1% 1% 
Deflection Skew (maximum)- *0.5% 	'-0.5% +0.5% 
Sire and Centering ShUt (maximum) * 2% 	* 2% * 2% 

Multispectral Scanner Subsystem 

Spectral Bandwidth (microns) aannet l 	0.5 to 0.6 

channel 2 	 0.6 to 0.7 
QanneI 3 	 0.7 to 0.8 

Cianne14 	 0.8to1Á 

- aannel 5 	- 	10.41012.6 (ERTS 8 only) 
Scanning 	- Object Plane 
ScanRate 13.6 Hz 
Scan Efliciency 50% 
Detectors/Band/Scan (Cbannels 1 thru 4) 6 
Instantaneous FieM o( View :60 ft x 260 (t 

Multiplexer Output IS Mbps PCM 

Wideband Video Tape Recorder/Reproducer 

Scanning Principie Transverse Scan 

Video Processing Technique FM 

Tape Width 2ln. 

Tape Lengtb 2000 ti 

Record lime 30 minutes 

Rewind Speed 4 limes record speed 

Higb Speed Forward 4 limes rrcord speed 

Bandwidth 	 . DC to 3.5 MHz (-6 dO), DC to 6 MHz 

Signai-to-Noise Ratio 42 d p-p/rms ® 2.5 MHz, 8W 

Transient Response Approx 5% peak (overshoot) 

Lineaiity *3% 

Dritt & 5% input to output 

SwitchingTransients Below peak-to-peaic noise 

Head Whcel Start Power Approx 250 watts peak decreasing to 

average power iii 4 seconds 

13. 
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2.2 - lhe Orbit 

lhe sateilite orbit is circular, quasi polar, sun 

synchronous and keeps a constant Inclination o? 99.088 degrees. t4hith 

thls orblt, the sateilite sensors will always scan the sarne area with 

the sarne solar illijnination, making it simpler to detect changes in 

vegetation and levels of water. lhe sateilite will cover 100 nautical 

mile wide strip, returning to scan the sarne arca at the sarne local time, 

each 18 days. lhe equiprnent controlling the attitude of the satelilte 

detect position errors 50 that the satellite can be positioned correctly 

wlth errors Inferior to 0.7 degrees in relation to the three axes of 

position. 

lhe orbital parameters o? the [RiS are adjusted $0 that 

the adjacent strips have sidelap o? 10% on each side in the absence of 

any attitude error. 

lhe ERTS orbit tias a semi-major exis o? 7,300 km and an 

epproxlmate perlod o? 103 minutes. The geographical longitude of 

subsequeflt passages o? the ERTS under the Equator shifts by 25.8167 

degrees towavds West. Coverage of adjacent bands occur each 14 revolutions 

and are separated in longitude o? 1.4338 deqrees, i.e, 160 km at the 

Equator. At the end of 18 days or conclusion o? 251 revolutions the period 

o? coverage Is completed. 

Table 2.2 shows some nominal orbital parameters. 



Table 2.2 - Nominal Orbital Paranieters 

Orbital Parameters 1 Nominal Orblt 

Altitude 492.35 rnn (912 km) 

Inclination 99.088 degrees 

Period 6196.015 sec (103 mm) 

Eccentrlcity 0.0001 

Local time when the sateltite 

crosses the Equator 

descending 09:30 h 

Duration of the cycte 

o? coverage 18 days (251 revolutions) 

Distance between adjacent 

ground tracks at Equator 86.028 mn (160 km) 

15. 



CRAPTER 3 

E R T S 	L INKS 

The frequency assignrnents and bandwidths for 	the 

ERTS-A and B are as foliows: 

Link 1: USB - Uplink for comand 

RF carrier: 2106.4 MHz 

Bandwidth: 3.6 MHz 

Modulation: PCM/FSK - FM/PM 

Link 2: MSS - Downlink (MSS Data) 

RF carrier: 2229.5 MHz 

RF bandwidth: 20 MHz 

Modul ation: PCM/FSK 

Bit rate: 15 mb/sec 

Link 3: RU - Downlink (RBV Data) 

RF carrier: 2265.5 MHz 

Video bandwidth: 3.5 MHz 

RF bandwidth: 20 MHz 

Modulation: Video/Fli 

Link 4: USB - Downlink (narrowband data) 

RF carrier: 2287.5 MHz 

Bandwidth: 5 MHz 

Modulation: PM 

16. 
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Link 5: VHF - Downlink (telemetry data) 

RF carrier: 137.86 MHz 

Bandwidth: 90 KHz eniergency; 30 KHz normal 

Modul ati on: PCM/PM 

Link 6: DCS - Data collection uplink 

RF carrier: 401.9 MHz 

Bandwidth: 100 KHz 

Modul ation: PCM/FSK 

Link 7: VHF - Uplink for conrand 

RF carrier: 154.2 MHz 

Bandwidth: 30 KHz 

Modulation: PCM/FSK - AN/AM 

For the reception and processing of ERTS imagery only links 

2,3, and 4 are relevant. Link 5 provides a back-up for telenetry data also 

transmitted by link 4. Brazil's station may eventually receive these data 

also via link 5. Link 6 is used to transmit data from ground platforrs to 

the satellite (DCS system). Links 1 and 7 are required to comand and con 

trol the sateilite and sensor interrogation; the Brazilian station will not 

need equipments for these links since NASA could prograni the satellite for 

Brazilian coverage. 

3.1 - Wideband links (RBV and MSS) 

The main characteristicS of these two links are sumarized 

in table 3.1. 



Table 3.1 - Wideband Links 

MSS 	 RBV 

Center frequency 	 2229.5 MHz 	 2265.5 MHz 

RE bandwidth 	 20 MHz 	 20 MHz 

Transmitter power 	 20* watts 	 20* watts 

Modulation 	 PCM/FSK 	 Video/FM 

* Comutable power of 10 or 20 watts 

3.2 - USB downlink 

This link is capable of transmitting ali narrowband data 

pius PRN signal. 

The general specifications are the foliowing: 

Carrier frequency: 2287.5 MHz ± 0.0015%, non coherent mode. 

240/221 times USB uplink carrier frequency, coherent mode. 

Moduiation: Phase moduiation 

RF bandwidth: 5 MHz 

It is necessary to transmit simultaneousiy the foiiowing 

signais on the USB downlink carrier: 

1 - DCS signai 

2 - Real time PCM telemetry 

3 - Stored PCM teiemetry 

The stored PCM telemetry signal normally transrnitted is the 

	

one recorded by the sateilite narrowband tape recorder (NBTR). In 	case 

these tape recorders fail, the sígnai to be transmitted is the one recorded 

on the auxiliary channels of the wideband tape recorders (WBVTR). A des 

cription of the main characteristics of each signal foliows. 
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DCS signal 

Signal description: frequency modulated sine wave 

BandSidth: 100 KHz centered in the frequency of 1024 KHz 

Real time PcM telemetry 

Signal description: PCM split-phase 

Bit rate: 1 kilobit/sec. 

Detection error probability: less than 10 -6  

Stored PO4 teIemetry signal 

Sinal description: PO4 split-phase 

Bit rate: 24 kilobit/sec when the signal is recorded in the NBTR, or 

1 kilobit/sec. when the signal is recorded in the WBVTR. 

Detection errar probability: less than 106 

In arder to transmit the three signals simultaneously on 

the USB downlink carrier it is necessary to use several subcarriers. The 

subcarriers used are the failowing: 

Subcarrier 
	

Subcarrier inodulation type 

1024 KHz 
	

PCM/FSK/PM 

768 KHz 
	

PCM/PSK/PM 

597 KHz 
	 PCM/PSK/Ft1 

3.3 - VHF downlink 

This link is used to transmit either the real time PCM 

telemetry signal ar the stored PCFI telemetry signa]. This link provides 

a back-up for the USB downlink. 

The general characteristics ai' this link are the foliowing: 

- Center frequency of transmission: 137.86 MHz 

- Channel bandwidth: 30 KHz, in real time 

90 KHz, stared 
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The description of each signal foliows; 

Real time PO4 telernetry signal 

Signal description: PCM split-phase 

Bit rate: 1 kilobit/sec. 

Detection error probabiIity: Iess than 10 6  

Stored PCM teIernetry signal 

Signal description: P01 split-phase 

Bit rate: 24 kilobit/sec. or 1 kilobit/sec. 

3.4 - LJSB uplink 

In thls link the following signals are transrnitted: 

- Pseudo pandon-noise (PRN) ranglng slgnais 

- Comand slgnal 

The general characterlstics are the foliowlng: 

- Carrier frequency 2106.4 MHz 

- Carrier modulation: phase 

- Information bandwidth: 1.5 MHz 

- Comand subcarrier frequency; 70 K}Iz 

3.5 - VHF uplink 

In this llnk the sarne signals of connand of the IJSB uplink 

are transmitted. The general characteristics are the foliowing: 

- Carrier frequency: 154. 2 MHz 

- Modulation: PCM/FSK - AH/Ali 
- Carrier modulation index: 80% Ali (peak) 

- Coninand subcarriers: 8.0 K}lz to 8.6 Kllz 

- Conuand bit rate: 128 bps 



- Probability of error in coimiand detection: less than 10 6  

- Bandwidth: 30 K1-lz 

21. 
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CI-IAPTER 4 

LINK CALCULATIOr4S 

4.1 - RU Link (Return Beam Vidicon) 

The three "Return Bean Vidicon cameras will operate 

slnultaneously and will generate a video signal covering the frequencies 

from Dc to 3.5 MHz. The output signal of the cameras may enter the input 

terminais of the wide band transmitter for transmission in real time or 

enter one of the wide band tape recorders (WBVTR 1 or 2) for recording 

and later play-back 	for transmission. At the ground receiving station, 

a wide band discriminator processes the signal received above the threshoid 

together with the noise, recovering the video signal with an increase in 

the signal/noise (S/N) ratio after the detection. 

For the RU link the frequency of 2265,5 MHz was specified. 

The RF bandwidthef201,k is aiso considered as the noise bandwidth. tlsinq 

a power of 20 or 10 watt transmitter in the satellite for an angle of 
o 

elevation of Um antenna of the receiving station of 
5, 

 we conclude that: 

- The qain of the sateilite antenna for an eievation angle of 
50 
 for 

the ground antenna is better than 4.0 db. This value includes the 

polarization losses; 

- The transrnission losses were caicuiated at  1.35 db. These losses 

inciude Um losses between the ouput terwinals of the power 

amplifier and the input of the antenna terminals, including losses 

in the filters, connectors, cables, circulators, etc. The 

atmospheric losses are considered for 5 
0 of elevation and estimated 

at 0.7 db. 

- The losses of the free space are caiculated from the formula: 

Lrs= 20 log À 

4d 

where, 
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dt(Re+h) sen 6 
	,and 

sen (90°+a) 

Re 	
)-a 

Re + h 

Using the altitude Ii = 492 nautical miles (910 1(m), elevation 

angle a = 50  and radius of the Earth R = 6380 Km, we find 

6 = 24.3 degrees 

d = 1620nm (3000km) 

= 169.1 db 

- The thermal nolse power in a 20 MHz equlvalent band is calcuiated 

from N = 1(16, wPiere 

K = 1.38.1023 Joule/°K 

TI = 1^ ¶ort 10  , 1 Q • fl 23  lw hy °} by Hz, what leadsto, 

71 =-228.6 dbw by °k  by Hz. 

4.1.1 - Selectlon of P1 parameters 

The signal to noise ratio (S/N) lii the discriminator 

output terminais Is given by 

(1) 
 

'S/N) 0  = .. ( L)2 	( C/N) 

1'm 	fffi 



24. 

Where: 

tf is the peak deviation froin center frequency of the RF signa] 

f 1  is the modulating frequency 

BRF is the RE bandwidth,and 

CM is the carrier - to - noise ratio at 

the input termina]s of the discriminator 

Using 

f111  = 3.5 MHz 

= 20 MHz 

The modulation index () i'as calculated through the 

analysing of Bessel's functions 50 that the energy out of the lateral 

bands be no greater than 1 % of the total energy. 

With S = 1.6 the energy outside the band of 20 MHz is 

approximately 1,1 %. 

The Modulation Improvement Factor (MIF) is computed from 

MIF=.a (1)2f 
2 	fm 	tni 

With the Index f= 1,6 results a va]ue of 

MIE = 22 or 13,4 db. 

The equation (1) is valid for a slne modulating signa]: 

when the video signal is applied, the foliowing consideration must be 

taken into account: 

- The information signal is 80 % of the video signa] peak to peak. 

The signa] to noise ratio S/N at the detector output wi]l then 

be (0.8)2  vimes the signa] to noise ratio of peak, corresponding 

to a reduction of 2 db. 
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- The video signal whlch produces the sarne peak to peak fli 

deviation of a sine signal has a power 8 tines bigger than 

the average power of sine signal. lhe signal to noise ratio 

will have then an increase of 9 db. 

We should consider an increase in the carrier to noise 

ratio of 13.4 due to MIF, a reduction o? 2db due to the first 

consideration above and an increase of 9 db due to the second 

consideration. That is an increase of 20.4 db. 

No types of staticrswith the corresponding specifications, 

gain of antennas, antenna noise temperature and receivers with a margin 

of 6 db are consldered. lhe two types of station are presented next. 

Recélver station with parabollc antenna of 9 rieters diameter 

For the RU llnk a power af transmisslon of 20 or 10 

watts can be used. 

- Spacecraft transritter power. 

= 43 dbrn for 20 watts 

40 dbrn for lo watts 

- Spacecraft antenna gain: 4.0 dB includes the polarizatlon losses. 

- Transmission losses:-1,35 dB. 

- Space losses:-169,8 dB. 

Free space loss: -169,1 dB. 

Atmospherlc loss:_-0,7 dR 

-169,8 dB 

- Receiver antenna 9am: The gain is conputed from the formula: 

G = n 
À 

fora =55%andü=30feet G=44d8 



- System temperature: T5  = 1250K 

- Noise power In the band of 20 MHz: -104,6 dBm 

= 1,38 10-23  Joule/°K 
N = KTB 

= 125 0K 

B = 20 MHz 

N = 104,6 dbm. 

- System margin: - 6 dB 

- Received power: - 86,15 dbm 

4 + 43 + 44 = 91 db 

169,8 + 6 + 1,35 = -177,15 

- 177,15 + 91 = -86,15 dbm 

- Carrier to noise ratio: + 18,45 db 

- 86,15 - (-104,6) = + 18,45 

- FM lmprovement: 13,4 db 

for e = 1 .6 

- Oetected signal to noise ratio S/N 

S/N = 18,45 + 13,4 - 2+9 = 38,85 db 

Receiver station with parabolic antenna of 6 meters diameter 

- Spacecraft transml tter power 

43 dbni for 20 watts 

40 dbm for 10 watts 

- Spacecraft antenna gain: 4.0 db 

- Receiver antenna gain: 

for  = 55% 

D = 20 feet we get G = 40.5 db 

- System temperature: T. = 125 0K or 750K 

- Nolse power (20 MHz): 

26. 



N KTB T = 125°K—.N = -104,6 dbm 

Ts  = 75°K—N = -106,85 dbrn 

- System margin: - 6 db 

- Carrier to noise ratio 

For T 5  = 125°K—. 15,45 db 

For Ts  E 75°K 	.17,70 db 

- Signal to nolse ratlo 

For Ts  = 125°K 

For Ts  = 75°K 

L = 35,85 db 
N 

= 38,1 db 
£1 

The results for an elevation angle of 50  and for a 

transrnitter power of 20 watts are shown In table 4.1 

fi 
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Table 4.1 - RU Llnk Calculation 

Parameters 
5 Degree Elevation 

30 R. Dish 20 Ft. Dish 

Spacecraft transm. pow. 43 dbm 43dbm 43 dbm 

Spacecraft antenna gain 4.0 db 4.0 db 4.0 db 

Transmission Loss - 	1.35 db - 1.35 db - 	1.35 db 

Space loss - 169.8 db - 169.8 db - 169.8 db 

Receiver antenna gain 44,0 db 40,5 db 40.5 db 

System temperature 125°K 125°K 75°K 

Noise power -104.6 dbm - 104.6 dbm - 106.85 dbm 

Systemmargin -6 	db -6db -6db 

Received power - 86.15 dbm - 89.15 dbni - 89.15 dbm 

Carrier-to-noise ratio + 18.45 db + 15.45 db + 17.70 db 

FM improvenient 	(3 = 1.6) + 13.4 	db + 13.4 db + 13.4 db 

Detected signal-to-noise 

ratio + 38.85 db 35.85 db 38.1 	db 

(peak to peak) 
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4.1.2 - Signal Degradation 

The sensor output signal to nolse ratios are given as 

33,33 and 25 dB for 1, II and III caneras respectively. 

We consider the complete link and examine the 

degradation suffered by the signai transmitted in real time. 

The signal to noise ratio at the output terminais óf 

the receiver of the ground station is given by, 

kS~N)
S

1
(S/N)0 = , 	1 	 where 

 (S/N)TLJ 

(S/N) 5  - signal to noise ratlo of the cameras 

(S/N)T: 
- signal to noise ratio of the transmission link 

Consldering camera 1, 

(S/N)s = 33 db 	(S/N)TL = 38,85 

33 db 	2,10 

38,85 db 	7,7.10 

[2 .

1

(S/N) 0 1 +  _ 	1 ) 32,ldB 

103 	7,7.103J 

1.e, a degradation of = 0,9 dB 

Figure 4.1 shows that if the degradation is to be 

maintained equal to or smaller than 1 dB, the (S/N)TL has to be In 

excess of 38.7 dB. We can then calculate the degradation for three 

considered c-onsi.derad-conditions of operation: 
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1 Antenna 30 Ft 
T 	= 1250K 

1 Antenna 20 Ft 
Ts  = 125°K 

1 Antenna 20 Ft 

Lis = 75°K 

20W +38.85 db -0.9 db 	
s 

20W +35.85 db 	-1.8 db 

20W +38.1 db 	-1.0db 

30k 	3 

331- 	O 

30. 

I Opertion 	 power (&Tl 	degradation 

These results show a more convenient operation 

with en antenna õf 30 Ft. Observe that the system temperature 

(T = 125°K) considered for illustration of the calculations is 

attained in systems utllizing a cooled parametric amplifier; in systems 

utilizing uncooled pararnetric amplifier the system teniperature will 

be bigger than 200°K. 

33 	35 	 37 	 39 	 41 	 43 	 45 	 41 

/S\db - 

Fig. 4.1 - Signa] Degradation (RBV).(-) = 33 db 



31. 

4.2 - MSS Link 

The wideband MSS link occupies a band of 20 MHz with 

PCM/FSK modulation and center frequency of 2229,5 MHz. 

Theoretical and experimental investigation show that 

the carrier energy to noise denslty ratio influences the probability 

of error at the detection; for a probability of error, P e= 
 ]o- 5 , a relation 

of 14.0 db wlth detection discriminator is obtalned. With an optinjm 

coherent recelver C/N = 13,0 db for 1'e 	
10 	is obtained. Experimental 

results indicate 13,5 db. Table 4.2 shows the link calculations: 

Table 4.2 - MSS Link Calculations 

5 Degree Elevation 

Parameters 	 30 Ft 1 	20 rir 	20 Ft 

.Spacecraft 	transm. power 43 dbm 43 dlxii 43 dlxii 
Spacecraft antena gain 4.0 db 4.0 db 4.0 db 
Transmjssjon loss -1.35 db -1.35 db -1.35 db 
Space loss -169.66 db -169.66 db -169.66 db 
Receiver antenna gain 44.0 db 40.5 db 40.5 db 
Temp.System 1250  )( 1250 K 750 K 
Noise power -105.8 dlxii -105.8 dlxii -108.05 dbm 
System margin -6 db -6 db -6 db 
Received power -86.01 	dlxii -89.01 	dlxii -89.01 dbm 
Carrier-to-noise ratio +19.79 db +16.78 dbni +19.04 db 

Taking the more pessimistic value of CM = 14.0 db for a 

probability of error P. = 10, we will have extra margin of 5.79 db, 

2.78 db or 5.04 db. Each of these nunters must be reduced 1.5 db to 

take into account the degradation due to the distortion of delay time. 

Table 4.3 is then obtained. 
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Table 4.3 - Extra margin for the MSS link 

Operation Power Margin 

Antenna 30 Ft 
T5 = 1250K 20W (10W) 4.29 db 	(1.29 db) 

Antenna 20 Ft 
T 5  = 1250K 20W (10W) 1.28 db (-1.72 db) 

Antenna 20 Ft 
T5  = 	75°K 2014 (10W) 3.54 db (0.54 db) 

The MSS link parameters are essentially the sarne calculated 

for the RI3V link with the foliowing exceptions: 

- The central frequency for the MSS link is 2229.5 MH2,whth results in 

a reduction of 0.14 in the loss of free space. 

- The predetection of the MSS link is lirnited to the bit rate (15 

MHz between the 3 db points). 

The sarne observation niade for the RL3V link with relation 

to the system temperature (T 5  = 125°K) utilized to illustrate the calcu-

lations is valid. 

4.3 - UBS downlink 

The USB down signal 5 (t) has the foi lowinq fonn: 

1 	n 
5(t) = /2C cos 	t + E e. cos(w .t$. (t)) + O 1 U(t) + n(t)I 	(2) c 	ii 	1 	Si 	1 	fl 
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where: 

c = received total power 

= carrier frequency 

e i  = peak phase deviation of carrier due to ith subcarrier 

e,»1 = peak phase deviation of carrier due to ranging signai 

WSI = i-th subcarrier frequency 

= information which is angle - modulation on i-th subcarrier 

U(t) = two levei (t 1) sauare wave ranainq siqnai 

n(t) = Gaussian band limited noise (density N 0 ) 

Figure 4.2 shows a typicai demoduiation system of the USB 

signal, without the PRN signal. 

Carrier 
phase 
dernodulat. 

Band 
pass 
filter 

Lj Subcarrier 
demodul. 
597 KHz  

Bit 
synchronizer 

____________ 
Band 
pass 
filter 

Subcarrier 
deniodul. 

8 KHz 

Bit 
synchronizer 

r176 

band 	Subcarrier 	Bit 	 Convol 
pass 	demodul. 	synchronizer,.. decod. 
filter 	1024 KHz 

Fig. 4.2 - USB signal dernodulation. 

Table 4.4 shows the IF bandwidth for each subcarrier. 

Table 4.4 - IF bandwidth for each subcarrier 

SIJBCARRIER IF BANDWIDTH 

1024 KHz 6 KHz, 150 1KHz, 600 1KHz 

768 KNz 20 1KHz, 	35 1Khz 

597 KHz sufficient for at least 24 Os. 



4.3.1 - Required S/N 0  for each subcarrier channel 

597 KHz Channel 

The stored PCM telemetry signal modulates a subcarrier of 

597 KHz. 
A perfect detector for PCM/FSK needs an energy by bit to 

noise power density ratio (E/N 0 ) at the detector input according to Fig. 
4.3 in function of the probability of error, P 

For a probability of error srnaller than 10 , E/N 0 ,should 
be bigger than 10.5 db for a perfect detector. Adding 2.5 db for a real 

detector, E/N0  must be bigger than 13.0 db to get a probability of error 
smaller than 10 6 . 

S - average power at the subcarrier 
E - ST T - period by bit = 

- No 	 bit rate 
1 = 24 Kbit/sec. 
T 

S1 	E 
= -r w- = 13.0 db + 10 1og 10  2.4.10 

IT—o  

= 13.0 + 43.8 = 56,8 db Hz 

= 56.8 db hz 
N0 1 

where (S/No
) is the signal to noise ratio required for the 597 KHz 
1 

subcarrier. 
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Fig. 4.3 - Relation between P 
e 	o and E/N for an ideal 

coherent PCM/PSK 



1024 1Khz Channe] 

The 1024 1Khz channel is useci to receive the DCS signals. 

This signa] consists of a sinusoid of center frequency 1024 K}lz, which 

is frequency modulated hy the inforniation and noise. flore noise is added 

to the inforniation signa] in the downlink. The total signa] to noise 

ratio (S/U)tota]  at the input of the processer at the receiving station 

shou]d be zero dli in a bandwidth of 100 1Khz centered in 1024 1KHz. 

The calculation of the signal to noise ratio for this 

channel provides (5/N 0) = 66.0 db fiz. 
2 

768 KIiz Channel 

This channel is used to transmit the real time PCM 

te]enietry signal. This signal rnodulates a subcarrier aí 768 1KHz. 

Fig. 4.4 shows the biock diagram of the detector for the 

signa] of the channe] of 768 1Khz. 

Video 	PassPhase 	IlBi  
phase 	band 	detector usynchronizer[ ---,,to  the 
detector 	filter 	768 1KHz  	tape recorder 

Fig. 4.4 - Detection of the channe] of 768 KIIz. 

The va]ue of SIM  calculated for the channel of 768 is 

(SIM0) 	= 44.0 db-Hz for Pe
= 

3 

Tab]e 4.5 shows the ca]culation of USB ]ink for antennas 

of 9 and 6 iii. 
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Table 4.4 	USB Dowlink Calculation 

Parameter 9 FA 6 m 

Transmitter power 	 dbm 30.0 30.0 

Transmitting circuit less 	db -2.0 -2.0 

Transmitting Antenna Gain 
(includes polarization loss) 	db -1.0 -1.0 

Free space loss 	 db -169.3 -169.3 

Transmitter frequency 	 MHz 2287.5 2287.5 

Receiving antenna gain 
(includes circuit less) 	 db 43.4 39.9 

System margin 	 db -6.0 -6.0 

Received total power 	 dbm -104.9 -108.4 

Receiver noise Power denstty 	dbrn/Hz -174.5 -178.0 

System Temperature 	
O K 250 110 

Received c 	 db/Hz 69.6 69.6 
o 

Required 	 db/Hz 48.5 48.5 
N
o  

Extra margín 	 db 21.1 21.1 

4.4 - USB Iiplink 

This link is necessary to transmit the Pseudo Random Noise 

PRN ranging signal and conuiand data subcarrier (70 KHZ). 
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Tabe 4.6 shows the link calculation for an antenna of 

9m and 6 m. 

Table 4.6 - USB Uplink Calculation 

Paranieters 9 ni 6 m 

Transniitted power 70.0 70.0 	dbm 

Transmitting circuit loss 0.0 0.0 	 db 

Transniitting antenna gain 43.0 39.5 	db 

Space loss -169.9 -169.9 	db 

AtTnospheric attenuation -0.7 -0.7 	db 

Carrier frequency 2106,4 21ú6.4 	MHz 

Receiving antenna gain +4.0 +4.0 	db 
(includes polarization loss) 

Receiving circuit loss -1.5 5.0 	 db 

Poirtting loss of the receiving antenna -5.0 5.0 	 db 

Systeni niargin -6.0 6.0 	 db 

Received total power -66.1 -66.1 	dbm 

liodulation loss 0.0 00 	 db 

Available carrier power -66.1 -66.1 	dbrn 

Necessary carrier power -109.0 109.0 	dbrn 

Extra margin 42.9 42.9 	db 
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P E C E IVI N G A NO T RA CKING 

STATION MODEL 

INPE intends to instali a station to track the sateilite, 

receivinci and recording the inforrnation transmitted hy it. 

Fig. 5.1 shows a biock diagram for a possible trackinq 

and receivina station inciudinq the recordinq system. 

The uplink is not necessary for Brazil because the 

sateilite comands are recorded in redundant memories of high reliabity, 

in case the meniories fali the satelilte wouid become non-operational. 

Figure 5.1 shows the equipiient used to receive the data 

transrnitted in MSS, RU and USE links and the recording systenT used to 

record these data. 

The receiving equipruent to receive the data transiiiitted 

by the Data Coilection System (DCS) does not appear in the figure 

because in an initial phase the station would not receive this signai. 

It intends to study the possihility to receive these data in the future. 

5.1 - Equipnent Specifications 

5.1.1 - Antenna 

The system will use a 9 in diarneter parabolic antenna with 

a noise temperature of nearly 65 0K. 

If the systeni noise temperature is 125 ° K (utilized in the 

iliustration of the calculations) the safety rnargin will be 6 db. If the 
o 

system temperature is greater than 125 K the safety niargin wiii be snialler 

than 6 db. See table 4.1 and paragraph 4.1.2 for the RI3V link which is more 

critica]. 

The antenna and the pedestal must operate in normal 

conditions with wind of up to 60 km/h. 

The antenna must be solid with surface roughness sufficient 
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to operate on the band 8025-8400 MHz. This consideration is important 

because the service of expioration of the Earth Resources by neans of 

sateliltes, In the future, wili utilize this band in accordance with 

the resolution of the ITIJ at the meeting WARC-ST/71 held in Geneva in 

1une 1°71. - 

5.1.2 - Antenna Feed 

It must have capacity to provide ali the necessary 

signais for the tracking. 

These signais will generate the signals differences, •E 

and áa, for the tracking receiver and the sun signal, Y , for the 

parametric amplifier. 

5.1.3 - Tracking System 

The station will probably have two tracking systems; one 

using the autotrack system and the other using the prograniied tracking 

with the aid of a computer. It could have as an option, the manual 

tracking for Initial positioning of the antenna. 

The autotrack system uses an antenna feed with capacity 

to generate the azimuth and elevation error signais. 

The antenna must be initiaily positioned either by the 

operator or by using the programed tracking. 

5.1.4 - Parauetric Amplifier 

The paranetric amplifier must have a bandwidth greater 

than 72 MHz. In the future sateilites for exploration of the Earth 

Resources, when the frequencies are allocated to the band from 8025 

to 8400 MHz, in accordance with the WARC-ST/71, of the ITU, this 

amplifier wili probabiy have a broad bandwidth. 
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Calculations made show that an uncooled paranetric 

amplifier with noise temperature of 100°K would be sufficient with 

an 9 m diameter antenna, with a lower margin to 6 db for the RU link, 

which is the most critica]. 

5.1.5 - MSS Equipment 

5.1.5.1 - Down Converter 

The noise temperature of the down converter must be such 

that the noise system temperature was equal to 125 °K(9 m antenna with a 

lower margin to 6 db for the RU link). 

5.1.5.2 - FSK demodulator 

This device must dernodulate the PCM/FSK signal of the 

MSS link. 

5.1.5.3 - Signal Conditioner 

This unit synchronizes the 15 Meçabits for secor (flbs), 

providing also time information for a later demultiplexation and/or 

recording. 

5.1.5.4 - Demultiplexer/test Generator/Monitor 

Thjs unit will he utilized to deru1tip1ex the MSS signal 

reproduced hy a series type tape recorder (for example the TR 70 - CVR-

3V rnodified' or to demultipiex the signal to he recordeil in a paraliel 

type tape recorder (for example the AMPEX FR-1928). A monitor will he 

used to visualize in analog form the MSS data. The test generator 

provides the test MSS sienal which modulates a FM source to verify the 

correct operation of the whole system. 
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5.1.5.5 - MSS Tape Recorder 

The recording system must be completely compatible with 

that used by NASA in the tinited States. 

This tape recorder may be a FR-1900 modified (parallel 

type tape recorder) to record 28 tracks (model FR-1928) or some other 

seri6 type tape recorder in which the deinultiplexer would not be 

necessary for the recording. 

A paraliel type tape recorder records, at a speed of 60 

irrtes/s, 25 tracks of digital data, one channel of time information, 

one of PCM telemetry signal, and one channel of capstan servo and a voice 

channel. The tape recorder tracks may be used as follows: 

Channel 1 - capstan servo reference frequency 

Channels - 2, 4, 6, 8, 10, 12 - Group 1 

Channels - 14, 16, 18, 20, 22, 24 - Group 2 

Channels - 3, 5, 7, 9, 11, 13 - Group 3 

Channels - 15, 17, 19, 21, 23, 25 - Group 4 

Channei 26 - Group 5 (ERTS-B only) 

Channel 27 - time inforniation 

Channel 28 - P01 telernetry Signal 

The tapes used must be 1 lnch width in 101/2  or 14 inches 

dianeter reels. 

5.1.6 - RU Equlpment 

5.1.6.1 - Down Converter 

See paragraih 5.1.5.1 

5.1.6.2 - FM Demodulator 

This denEdulator must demodulate the video/FM signa] 

(RBV data). 



44. 

- Video Processor and Synchronisrn Separator (VPASS) 

This unit must process the RU video signa] to perniit 

the recording and display (quick-look) of images. 

5.1.6.4 - RU Tape Recorder 

This tape recorder niust be completely compatible with that 

used by NASA. 

The tape recorder to be used will be the RCA TR 70-CVR-3E 

(or equivalent) which is a modification af the comercial tape recorder 

TR-70. 

This tape recorder may use tapes 3M 500 that come in 

reel lengths of 1,200-2,400-3,600-4,800 or 5,600 feet; in term of re-

cording time the lengths are equivalent to 738 - 1,476-2,214-2,952 - 

or 3,444 seconds. 

The tapes used must be 2 inches wide in 14 inch diameter 

reels. 

5.1.7 - IJSB Equipment 

5.1.7.1 - Down Converter 

See paragraph 5.1.5.1 

5.1.7.2 - PM Demodulator 

This demodulator must demodulate the information at the 

USB carrier. 

5.1.7.3 - Band Pass Filters 

The fliter for the stored PCM telemetry signal must have 

a central frequency f0  = 597 1KHz and sufficient bandwidth for at least 

24 kbps. The filter for the real time PCM telemetry signal must have a 
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central frequency f 0 = 768 KHz and a 35 KHz bandwidth. 

5.1.7.4 - Subcarrier Demodulators 

These discrirninators nust dernodulate the two sub-carriers 

= 768 1KHz and f 5  = 597 KHz. 

5.1.7.5 - Bit Synchronizer 

These units (2) provide the synchronization of the 24 

kbps and 1 kbps data of the 597 and 768 KHz channels respectively,for 

later recording. 

5.1.7.6 - Recording System for the Signais of the USB Link 

These signais are recorded in the auxiliary channels of the 

tape recorders AMPEX FR-1928 (or equiva1en 	and RCA TR-70 (or equivalents) 

or can be recorded separately in any other digital tape recorder (it rnay 

be the AMPEX FR-1900 already existent at INFE). 

For recording of the DCS signals in a later phase this 

digital tape recorder (FR-1900) would certainly be necessary. 

5.1.8 - Test Generators: TPG (RBV) and RSE (MSS) 

The function of these equipments are the foliowing: 

- To generate the test signais for simulation of the P155 and 

RU signals; 

- To generate and simulate the nolse spectrum which can be 

combined with the test signais to simulate the receiving of the 

satelllte signais. 
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5.1.9 - Quick-look Monitor (QLM) to Visualize the RU Signais 

This device perriiits a quick visualization of the three 

RU carneras. It also accepts the signais provlded by the TPG unit; 

these signals are first sent to the VPASS unit. 

The QLM permits the visualization in a cathode ray 

tube of the RU data and of the test signal of the TPG for evaluation 

of characteristics of the system. It is equipped with a Polaroid camera whic 

photographs continuously the images of the three ABY carneras. 

5.1.10 - Timing System 

The timing station consists of a group of equipment 

which include: 

- Time code generator 

- Frequency synthetizer 

- Synchronizer 

- Oscilioscope 

5.1.11 - RI Signal Source for Test 

This is a generator for precision signais in the band of 

2200 to 2300 MHz. 

The output may be continuous or modulated by the signal 

provi ded by the TPG test generator of the RU or by the MSS test 

signal generated in the RSE. 

The TPG generator provides the vídeo test signa] (0 to 3.5 

MHz) for control of the receiving and recording equipment of the RBV 

signa]. 

The MSS-RSE test generator provides the 15 Mbps signa] for 

control of the receiving and recording equipnient of the MSS signa]. 

These signa]s of the TPG and MSS-RSE modulate the FM signa] 

of test; this modulated signa] is injected at the test input of the para- 
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rnetric amplifier and later on in the receiving and recording circuits 

to evaluate the conditions of operation of the complete system. 



CHAPTER 6 

1 MA G E P ROCES SI N 	5 TA TIO N 

Pie image processing station has the following main 

functions: 

- To transforrn the 1113V data received in films through the 

control of TAT tapes (Image Annotation Tape) in which these 

are annotated. The information for correction is ohtained 

froni telernetry data contained In the LISB downlink and from 

"fixed error" tapes. The films ohtained correspond in quality 

to the preliminary processing (hulk process). Manual 

ineasurenents are niade with these filrns from the position of 

ohjects whose coordinates are previously known, so that a 

group of coefficients for correction is obtained and applied 

to the original video tape of the RRV, and images of quality 

corresponding to the precision process are obtained. 

- To transforni MSS data into filrus of preliminary quality and 

later into precise quality. 

- To transforni the MSS data in digital tapes for direct access 

to the cornputer (CCT). 

6.1 - Image Annotation Tape (IAT) 

To produce these tapes use for error systematic correction, 

tapes with ephemeris data to be provided by NASA and the data wi th the 

sateilite characteristics contained in the 05Í3 down link are necessary. 

With these No tapes it is possible to produce the JAT tape. 



Geometrical corrections are nade through the determination 
of the sateilite angles in relation to reference position and the deviation 

of the nominal height of the sateilite. The sateilite angles are determined 

froni PCM telemetry data. The ephemeris data perinit calculation of the devia-
tion of the nominal height. 

6.2 - Transforination of 1113V Data 

The RBV data recorded are reproduced and sent to VPASS and 

next to a Electron Beam Recorder (EBR-CTL) and innediately after to a 
Electron Beam Recorder (EBR). 

RBV 
VTR LVURCTL RCA-TR7O 
OR 

EQUIVALENT 

EBR 
fl 1 n ,fAt1PLJFIER4 

9 112 inches 

—>JSSER ERROR MANUAL 
DETERMINATION 

Fixed 	GCP 
error s 

QQ 

Initially corrections are made through the control of the 

JAT tape and "fixed error" tape; this flrst step produces images of pre-

liminary quality; after developing the 70 nin flim some images are chosen, 

these images can be enlarged to 9 112 inches. 



Some iniages are selected for further corrections; to 

detrrmine these corrections, manual rneasurements are made from the exact 

localization of some points and knowledge of the distortions of the 

lenses. These measurernents are put in the processor to obtain correction 

coefficlents. These coefficients are applied to the Electron Beam Recorder 

Control 

tJsing again the original video tapes of the RU and 

applying the correction coefficients during the second step, the iniages 

are produced again after the enlarging with precision quality. 

6.3 - MSS Data Transformation 

The MSS recorded data are converted into films throuqh the 

control of the IAT tape and fixed error tape. This first passage produces 

irnages of preliminary quality. 

With manual neasurements the correction coefficients are 

obtained to produce the precision images through a second passage of the 

original MSS tape.  

AMPEX FR 	
EM 

8oRMvTRcTL CTL EuR 70m 	NLARGER 
EQIJIVALENT 

9 112 inches 

	

PROCESSER JJ 	 ERROR MANUAL 
DETERMINATIOU 

Fixed 

 

()(9error  
The MSS data are converted intD tapes conipatible with the 

computer through two magnetic tape units(HF MTU). 

III 
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CHAPTER 7 

LOCATION A N D COVERAGE 

7.1 - Location 

As it was considered previously, the system presented in 

this doctgaent rnust be constituted of 2 subsystems, the tracking and 

receiving station and the Image Processing Station. Considering that 

they are cocentary, the ideal situation would be tflat in which both 

were located at the sarne point or at near polnt. The proximity criterion 

is however, flexible in the sense that It is the function of several 

factors. For exançie, the access facllity to each of the stations and 

the means of transportation which will interconnect them. 

As an example and as basis for calculation of the amount 

of data to be received, we next present studies which put the location 

of the tracking and receiving station near the City of Sio José dos 

Campos (2305 and 460W). 

7.2 - Coverage 

The coverage was calculated taking into consideration the 

elevation angles of 20  and 50  above the horizon. 

The geometry utilized for the calculation is presented in 

Fig. 7.1. 
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1 

e- 1 

Fig. 7.1 - Geometry for the calculation of the central angle. 

The calculation of the central angle (6) for various 

elevation angles is included in table 7.1. 

From this table the following values are obtained: 

Central Angle 	 Height 	 Elevation 

(6) 	 (h) 	 (a) 

24.30 	 910 lan 	 50 

27 . 00 	 910 lan 	 20 

With the values of central angles one may trace the 

coverage of Fig. 7.2 for elevation 2 °  and 50• 

Fig. 7.2. shows that alrnost tfle whole of Brazil would 

be covered and the following countries as well: 

Total Coverage 

Bolivia 

Paraguay 

tiruguay 

Partial Coverage 

Argentina 

Chile 

Peru 

French Guiana 



Table 7.1 - Central angle calculation 

Angles measured in Degrees 

Height: 910 14n 

Central Angle 	 Elevation 

1 82.03 

2 74.31 

3 67.03 

4 60.33 

5 54.25 

6 48.80 

7 43.93 

8 39.60 

9 35.73 

10 32.27 

11 29.17 

12 26.36 

13 23.80 

14 21.47 

15 19.33 

16 17.35 

17 15.52 

18 13.80 

19 12.20 

20 10.69 

21 9.26 

22 7.91 

23 6.62 

24 5.39 

25 4.22 

26 3.09 

27 2.00 

28 .95 

53. 
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CHAPTER 8 

AMOIJNT OF 	DATA RECE 1 VE 

B  T H E STATION 

The location of the station under study would 	perinit 

gathering data for Brazil and other South Asnerican Countries. 

The amounts of data available for recording at this sta 

tion will be calculated considering that the sateilite elevation angle 

considered in São José dos Campos is qreater than 5 
0 
. The elevation 

angle is limited by this value owing to problems of atniospheric scintil 

lations 'and refraction effects. The elevation angle of 50  is a pessimis 

tic estimate. With a good tracking system and favorable conditions it 

would be possible to increase the amount of data received. 

8.1 - Orbital Parameters 

The Orbital Parameters used for the calculation of the 

amount of data are the foliowing: 

Pojnt of insertion 

Altitude: 

Inclination: 

Period: 

Eccentri city 

Coverage cycle duration 

Distance between adjacent trajectories 

Separation in longitude between 

consecutive trajectories 

1300  W long, 00  lat. 

910 Km (492.35 mm) 

99.088 degrees 

103 mm 

0.0001 

18 days (251 rev.) 

160 Km (1.4338 degrees) 

25.8167 degrees 
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o  8.2 - Graphical method to determine the time spent by the sateilite to 

cover the area of observation from the Sio José dos Campos sta 

ti on. 

The graphical method used to determine this time is the 

foliowing: on the first day the orbits 10 and 11 separated by 25.8167 

degrees longitude are forecasted in the coveraqe area of the station;on 

the second day the orbits 24 and 25 are forecasted and so an. A certain 

nunter of orbits is forecasted for each day as shown in Fig. 8.1. 	The 

lengtli of the trajectories was transformed in tine used by the 	satel 

lite, to describe these trajectories. 

The calculation was done only for the continental cover 

age, either for Brazil or for other countries as well , within the cover 

age range of the station. For the calculation, it was assumed that the 

trajectories within the coverage area af the station are parailel. 

The solar illumination angle depends on the latitude and 

on the seasons; this is shown in Fig. 8.2. It is convenient to keep in 

mmd that within the area covered by the receiving station from Sio .Jo 

sé dos Campos, the solar angle is always greater than 17 degrees. For 

our purposes this angle should be considered satisfactory. 

For an elevation of 
50,  thirty-three (33) orbits cut the 

coverage area of the station. Twenty-two (22) of these orbits cut the 

continental part. 

lhe time spent by the satelIite in each day and the cor 

respondlng 22 passages are shown in Table 8.1. 

The longest time spent by the sateilite, within the con 

tinental coverage, is about 694 seconds. 

In the first day (see Table 8.1) the satellite describes 

the trajectories lO and 11 but only the orbit 11 cuts the continental 

part. On the 
6  t day, for example, the sateilite describes the orbits8D 

and 81 and similarly for each one of the 18 days of the cycle. Table 8.1 

shows the tine spent to cover each country. 
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Fig. 8.1 - Coverage of ttie station Iocated in Sio Josí dos Campos 
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Table 8.1 - Time Spent on Continental Coverage 	 59. 
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8.3 - Plagnetic Tape Requirements 

The magnetic tapes for the tape recorder ANPEX FR 1928 

are provided in 9,200 feet reels (280 m) or, in terms of recording time, 

1.840 seconds. 

The magnetic tapes for the tape recorder RCA TR 70-CVR-3E 

are provided in reels of 1,200, 2,400, 3,600, 4,800 or 5,600 feet lengths 

or, in tenns of recording time, 738, 1,476, 2,214, 2,952, 3,444 seconds 

at a speed of 19.5 inct p.s. 

The calculation of the nunüer of tapes was nade consider 

ing the recording in only one reel of the largest nunter of consecutive 

passages possible. 

This jnethod is illustrated in Table 8.2 for the AMPEX FR 

1928 or equivalent. The recording tine for passage li on the first day 

and 25 on second day are added. The total time of recording for con 

tinental coverage of tflese 2 passages is of 1,366 seconds, witfl 474 se 

conds of tape unused. 

Table 8.3 shows the nunter of tapes necessary for 	the 

tape recorder RCA TR 70-CVR-3E or equivalent in a period of 18 days.The 

method used for calculation of tapes for the RCA TR 70-CVR-3E or equi 

valent is the sarne used in the calculation of nunber of tapes for the 

ANPEX FR 1928 or equivalent, with the later condition that the artuntof 

unused tape be at a minimum. If for example: 

(day, passages) Recording 

tine 

Whole reel 

time 

Non used 

tine 

(1,11) 	+ (2,25) 	+ (3,39) 2056 sec 2214 sec 158 sec 

(1,11) + (2,25) + (3,39) + 

3318 sec 3444 sec 126 sec 
+ (4,53) + (5,67) 
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Using a 3,600 foot reel (2214 sec.) one can record 3 pas 

sages; the non used time of the tape corresponds to 158 sec. tising a 

5,600 foot reel (3444 sec.) one can record 5 passages; the non used time 

of the tape corresponcis to 126 sec. The method used of minirnum time of 

non used tape chooses the 3444 sec. reel. 

Table 8.2 and 8.3 show the total nunter of non used tapes 

in seconds/reel. 

Table 8.4 shows tfle nuirber of reels for the two tape re 

corders for the cycle of 18 days. Table 8.5 shows the cost of magnetic 

tapes for the period of 18 days. 

The total coverage cost (continental sea) will be approx 

imately Um double of the cost shown in Table 8.5. 

8.4 - Estimate of the quantity df photographs 

The data recorded in the recording system of the tracking 

and receiving station will be processed and transforned in photographs 

later. 

We will give an estimate of the final quantity of photo 

graphs that the system will provide. 

Based on the data of table 8.1, the nunter of scenes (185 

Km x 185 1(m), which the station will receive per cycle (18 days) were 

calculated for the continental coverage of Brazil and total continental 

coverage (Brazil and other South Aznerican countries). It was considered 

that 30% of the images would not be utillzed due to the excessive cover 

age of clouds. From the 70% left 10 preliminary copies will be prepared 

(we consider 10 users) In black and whlte paper and transparency. Froni 

these Images It was considered that 20% would be conposed of colors.From 

the prellmlnary Irnages (bulk), It was consldered that 30% will be trans 

formed In preclslon Images and copled for 10 users. It was consldered 

that aU precislon Iniages will be composed of colors. Tables 8.6, 8.7, 

and 8.8 Iliustrate these considerations and calculations. 

Wlth the estimate mentloned above the total aitunt of 
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photographs provided to the users per day is shown In Table 8.9. 

	

Tables 8.10 and 8.11 show the photographic 	processlng 

costs per day for Brazil and for total continental coverage. 

Table 8.12 shows the total annual cost for the indlcated 

coverages. 

The Brazilian User will demand annually 75% of preilin 

	

inary images and 25% of precision ones; the color images, 	prelininary 

and precision, represent 9% of the image total. 
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Table 8.10 - Photo Processing Cost Per day for Brazil 

Preliminary (bulk) Processing 

Film of 70 m 	 5.0 

Processing of 98 images/day 	 13.0 

700 black and white prints copies 	 150.0 

700 black and white transparencies copies 	 150.0 

40 color print copies 	 14.0 

40 color transparencies copies 	 14.0 

TOTAL./DAY 	 346.0 

Precision 	Processing US$ 

Film of 70 nin 2.0 

Processing of 21 images/day 3.0 

210 bhck and white print copies 45.0 

210 black and white transparencies copies 45.0 

60 	color print copies 21.0 

60 color transpareflCy copies 21.0 

TOTAL/DAY 137.0 



Table 8.11 - Photo Processing Cost Per day for Continental Coverage 

Prelirninary (bulk) Processing US$ 

Film of 70 m 9.0 

Processing of 161 images/day 20.0 

1120 black and white print copies 242.0 

1120 black and white transparency copies 242.0 

80 color print copies 28.0 

80 color transparency 28.0 

TOTAL/DAY 569.0 

Precision Processing 

Filrn 70 m 3.0 

Processing of 35 images/day 4.0 

350 black and white print copies 54.0 

350 black and white transparency copies 54.0 

100 color print copies 35.0 

100 color transparency copies 35.0 

TOTAL/DAY 1.85.0 

72. 



4-. 
o, 
o 
o 
1 

'O 

c 
c 

cl 

•1 

VI 

a, 
o 
o 
1- 

o 
4-. 
o 
-c 

a, 
-o 
'O 

w 
a 
cc 
uJ 

o 
o 
-J 
cc 

IjJ 

141 141 14) 
P1 O 

'e Ln P1 o - a 
e-. 

O te 
P1 C'4 cc 

1- • b4 til 
O •U) ti) (1) 
1- 

c 
C 

cli c rQ 

te O 'e 
P1 IS) 

-4 1 
N4 
cc V> 44 44 

Ln (/1 til o 

aI 

'4 
VI 
a, 

.0 o 
1. 
o. 

1. 	a' 
cc = 
a O 
•.- 	ti, •1 

E 	v>  o 
- ç O 
ai 	o 
L. 	1. o. 	o. 

73. 



74. 

CHAPTER 9 

GROUND STAT ION COST 

We will analyze the cost for the implantation of an 

qround station to receive and process the infornation transmitted 

by ERTS sateilite. The implantation could be done in parts, startina 

with the Tracking and Receivinq Station and later with the first 

part of the station (Tracking and Receiving) it would be possible to 

track the sateilite, receive inforination, and record it in maqnetic 

tapes. These tapes would then be sent to NASA, where they would be 

processed at NDPF (NASA Data Processtng Facility) and would be later 

returned to Brazil. 

To avoid the necessity of sending the magnetic tapes 

to the United States, we would have to buy, simultaneously with the 

tracking and receiving station, the second part of the ground station, 

which refers to the linage processing; this would inake the treatment 

of the magnetic tapes previously recorded at the Trackinq and Receivinq 

Station possible here in Brazil. 

We will present separately the cost of the Tracking and 

Receivinq Station and the Image Processing Station with the respective 

operational costs. 

9.1 - Tracking and Receiving Station 

The Tracking and Receiving Station is a station where 

we would receive RBV infoniiation, MSS and the real time PCM telernetry, 

recorded in magnetic tapes. The cost of the basic components of this 

station would be approximately those shown in table 9.1. 
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Table 9.1 - Cost of the Components ol' the Tracking 

and Receiving Station 

COMPONENTS PRICE (US$) 

 Pedestal, 30 feet parabolic reflector,feeder, 
base extension, tracking receiver, tracking 
progranviter, servo amplifiers, power amplifier, 
tracking converter, scan code generator,cables, 
multicoupler, down converter, RF patch-panel, 
antenna control. 250.000 

 Pararnetric anipltf$er(uncooled) 15.000 

 Receivers for MSS and RU 20.000 

 Receiver for USB and PM subcarrier demodulator 18.000 

 Signal conditioner and MSS demultiplexer 100.000 

 Video processer and synchronisrn separator 
(VPASS) 100.000 

 Test equipment 40.000 

 Timing station 5.000 

 Tape recorder AMPEX FR 1928 70.000 

 Tape recorder RCA TR 70-CVR-3E 200.000 

 Quick-look monitor for RU 90.000 

 Bit synchronizer for PCM telemetry 60.000 

 Building (300 m2 ) 50.000 

1.000.000 TOTAL 
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Table 9.2 - Mnual cost of operation and maintenance 

of the Tracking and Receiving Station 

COMPONENTS 	 PRICE (LJS$) 

Magnetic tapes (in the assuniption that ali 
recorded tapes are kept at INPE) 	 60.000 

Personnel 

1. electronic engineer 

2 eiectronic technicians 
for maintenance 

4 operators 	 30.000 

Replace,nent material 	 1 	50.000 

TOTAL 	 1 	140.000 

Table 9.2 shows the operational and maintenance cost of 

the Tracking and Receiving Station. 

The total price of this station could be reduced to 

approxlmateiy US$ 100.000 if we change the "Quick-look monitor» 

(item li) for a simple oscilioscope and eilminate the purchase of test 

equlpament (item 7). 

If we changed the tape recorder of parailei recording, 

AMPEX-FR-1928, for a tape recorder of series recording, for example 

the TR70-CVR-3E modified, the price of the station would increase by 

approximately USS 50.000. 

So that the systetn could become co.npletely reilable, 

it would be interesting to purchase some reserve units. 

There is the possibiiity that this station would expand 

by the purchase of equipment for receiving other signais transmitted in 

tfle USB channel. These other signais wouid be the DCS (Data Coliection 

System) and the stored P01 telemetry. This expansion could possibly be 
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in the purchase of a digital tape recorder for example the AMPEX FR-2000. 

The accomplischment of this expansion would increase the price of the 

station in approximately US$ 150.000 irrespective of the price of the DCS 

(Data Coliection Platforms) and sensors correlate to these platfonns. 

There is also the possibility that the expansion could be 

to receive meteorological satellites in the band 5, such as Tiros N and 

SMS/GOES. For this, three receivers are enough. 

9.2 - Irnage Processing Station 

This processing station pertiiits the complete processin 

of RU, MSS and USB signals (telemetry PCM and DCS) in Brazil; they have 

capacity to generate the preliminary and precisiori images for RI3V and 

MSS and the CCT (computer Compatible Tapes) for MSS besides perforniing 

multispectral analyses. 

Figure 9.1 shows the configuration of this complete 

processing station; it is 	noteworthy that the processing for precision 

images is obtained with manual detennination of local errors in all 

photographs, one by one; it is also noteworthy that in this figure the 

DCS processing, the generator of CCT tapes and the multispectral 

analyses are not shown. 

Pie proposed station may be schematically separated in 

tens of cost,as table 9.3 shows. 

Table 9.3 - Cost of image processing station 

ITEMS PRICE 	(US$) 

 Electron Beam Recorder (with controis) 200.000 

 RU and MSS preliminary processing (bulk). 1.200.000 

 RU and MSS precision processing 800.000 

 100. 000  

 

CCT 	tapes 	for MSS 	............................ 

200. 000  

 

DCS 	processing 	............................... 

250. 000  

2.750.000 
Multispectral 	analysis 	........................ 

total 	................ 
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Fig. 9.1 - Image Processing Statiori 
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It should be noted that the processor is included in 

the item concerning the prelinhinary processing; it should be also 

noted that in this item the price for generation of JAT tapes (Irnage 

Annotation Tape) and °Fixed Errorsi  tapes is not included in this 

item because it was considered that NASA will provide Brazil with these 

tapes for preliniinary corrections and annotations. 

The generation of these two tapes is already included 

in item 3; i.e., to go from the preliminary processing to precision 

processing with generation of IAT and ÍIFixed  Error" tapes, there 

would be an increase of approximately US$ 800.000. 

The sophistication grades of the system rnay be considered 

as: 

SPECIFICATIONS PRICE 	(US$) 

19) Images without corrections and annotations 200.000 

29) Preliminary images annotated, with IAT and 

"Fixed Error" tapes 	provided by NASA ......... 1.400.000 

39) Preliminary and precision iniages annotated, 

with IAT and "Fixed Errors' 	tapes generated 

2.200.000 

49) 

at 	INPE 	...................................... 

Item 39) more generation of CCT tapes for 

... 

2.300.000 

59) 

MSS 	........................................ 

2.500.000 

69) 

Item 49) 	more 	DCS 	processing 	................ 

Item 59) more multispectral analyses 2.750.000 

It should be noted that the tape recorders utilized t 

reproduce the tapes recorded in the Tracking and Receiving Station for 

subsequent processing are not estimated here, since the tracking and 

processing stations are considered to be in the sane place. If this is 

not possible, the cost of the processing station would increase by 



o 
o. 

the price of the tape recorders (US$ 270.000). 

Table 9.3 shows the annual cost of operation and main-

tenance of the Image Processing Statiori, including the photographic 

processi ng. 

Table 9.4 - Annual cost of operation and maintenance 

of Image Procesing Station 

DISCRIMINATION PRICE US$ 

Cornputer compatible tapes 20.000 

Personnel 

-3 engineers 

-2 maintenance technicians 

-8 operators 60.000 

Replacement material 100.000 

Photographic processing 176.000 

TOTAL 356.000 

9.3 - Sumary of the Station Total Cost 

The cost of the Tracking and Receiving Station Shown in 

Table 9.1 (115$ 1.000.000) would be increased by LIS$ 150.000 (to make 

possible the receiving of DCS signais and storing of PCM telenetry not 

estimated in Table 9.1) and another US$ 50.000 for the acquisition of 

some reserve units which be almost indispensable. Then the cost of the 

Tracking and Receiving Station would be US$ 1.200.000. The operational 

cost for a year would be IJS$ 140.00, as shown in Table 9.2. 
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The cost of the investinent for the acquisition of the 

Image Processing Station would be increesed by liS $270.000, correponding 

to addltional tape recorders; this would result in a total of 

US$ 3.020.000. The operational cost for a year would be US$ 356.000, as 

shown in table 9.4. 

Sumarizing, we would then have the total cost of the 

investnent and operation for a year: 

PURO-fASE INVESTMENT 	 PRICE (115$) 

Trackinq and Receiving Station ............ 1.200.000 

Irnage Processing Station .................. 3.020.000 

4.220.000 

ANNUAL OPERATION 

Tracking and Receiving Station 	 140.000 

Image Processing Station .................. 356.000 

496.000 

Then, the investment In the purchase of the equipnient 

In Cruzeiros, considering the presente rate of exchange for the 

dollar ... (Cr$ 5.845) will be Cr$ 24.665.900,00. 

The disbursement of this amount of money occurs in 

accordance with the Chronogram of Fig. 9.2; it aliows for 25% af the 

total at the signing of the contract with the firms; 15% of the total 

at the end of the second, third and fourth rnonths after the sioning 

of the contract; 20% of the total at the shipping of the equipment; 

10% of the total at the end of the instailation. 

It is convenient to remember that the firíns proposino 

to seU the equipment for the station are interested in tryinq to qet 

international financing. 
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CHAPTER 10 

S T A T 1 0 	1 M P L A N T A T JON 

C EI R O N O G R A M 

The ]aunchiny of the sateilite ERTS-A is forecasted to 

take place in Um week oí June 22,1972. If the order is made in May, the 

receiving ánd recordiriy part will go into operation in November 1972, 

and the iinage processiny part two rnonths later. 

Satellites for exploration of the Earth resources such 

as the LOS and possibly other ERTS will secure continuity of Via 

program. 

Table 10.1 shows Um chronogram for the implantation 

of the stions; this table shows that the building where the station 

will be installed must be concluded by early Noveruber 1972. 



U 

o 
9 

4-' 
tu 
4-,  
c 
'o 

ci 
E 
1 

c 
o 
4-' 
tu 
4-' 
(1, 

o 
1 

a) 

-o 
tu 
1- 

LX 
o- 

LX 

1 ---- - 

Li 

4 

o 
- 

C3 

-4 - 

1- o .4 
o -4 

1— - - - o- 
Li 
(1) 

C'4 co 

1 

mc 

-J 

- _____ ------- 4 ---4 

t 
C CE =c CC) 01 

- 01W 01V) 

4) o r O O OU) O 
'o 4-'fl41 U) O c 4) C)V1 O 
1.. CDu m O 1- 'o L 
4' C tOV1 COO 4-' C 00 4- C 
C 0 .-4- '4-C C O) 4) £.-Q C O) 
o -r r O 4- -C O 4' 
O 4-' .-ICC C>r-  O 

O LAJCC COr-,- o -a 9- 

O 0) D OE  <li EW N t CO 4- .-.C4- N0 'O 
- a Li 4-' O 'O C E O I-tOO CC E 
1- r 4-J LX C 'O) L tu 
e >, m cc cI- m 
= r C 00 O C C C t/)OC a a 
— fl O 2rWrO) O C) CO -r- •rr 00 CO 

- 41  t04-' rO4' 41  a a 
LX a 0) Ou O o) tu ao -i-' —04-' ato ao 

O L/)r O Cr C -, - 
ti) E r 4-04-Or irr 4) .vEtn'I-CE rr 

ci 0 r -r O- CO-,- C CO 4-WLUr4Q) C fOr C CO 
o •.- ,- O 04-' 04-' O- =I 4-'O O 41 fl4-'N ri- 

Caiu, ai r oltuto 4) CuOWCtn -r-  u,CO COO) 
o-  LXO- WO- WC L-i- ci CO>,LXOt0>.CCI S.O 
Li O I-tfl4-' (/)4-)  ti) .-iO1- O u,O- tnSu, tfl.-.C]  1-O 

84. 



CHAPTER 	li 

C O P1 C L U S 1 O P1 

It is hoped that the previous chapters have rnade it 

clear that the instailation of the nientioned station in Brazil 

will represent a priceless technique in the surveying and preservation 

of the resources of the country. 

JNPE's effort to provide Brazil with such a station 

is of relevant importance niainly in the part concerning the solution 

of fundamental problems oí the country, such as those enunierated in 

Chapter 1. 

The IMPE proposed station in its complete vdrsion will 

permit Brazil to receive data froni ali the national territory and 

transforin theni in a group of seven photographs in the spectral 

bandwidth of the visible and near infrared; these photos could be 

distributed to ali Brazilian entities interested; this group of 7 

iniages (3 provided by the television systeni and 4 by the scanner 

systeni) is renewed every 18 days, due to the repetitive coverage of 

the sateilite. This station inits more complete version wouid cost 

Cr$ 24.650.000,00. 

Brazil 's participation in the ERTS program and consecut-

ively in the future prograra of exploration and surveying of Earth 

resources, using orbitai piatforms, wili result in enormous benefits 

to the country by relatively low costs as compared to other methods 

of surveying. 
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APPENDIX A 

SENSING EQUIPMENT 0 	T H E 

A M E R I C A N ORBITAL STATION 

(5KV LAS) 

Some of the sensíng equipment to be used in the ex-

perinents for observation of the Earth include: 

i) Multispectral photographic equipment (S-190) 

Thls experiment uses six 70 rir high precision cameras with matching 

between the distortion and lenses of focal distance of 15.2 cm (21.2 °  

fleld of view through planes) giving an area coverage of 163 x 163 km 

(88 x 88 nautical miles) and a photo scale of 1:2,800,00 . The lenses 

are aligned and mounted in a panei of simpie lenses with its parailel 

optical axes less than a minute of are. Images will be registered 

wlthtn 5 mirrors of error. The cameras are equipped with synchronous 

obturators, offset for the rnovement of the spacecraft. It is expected 

that the system reaches a resolution (film-iens) of more than 100 

lines permilímetEr, in color. The effective ground resolution may be 

approximately 30 meters. The system is designed for the foliowing 

spectral contination of wave/film length: 

0.5 to 0.6 microns 

0.6 to 0.7 microns 

07 to 0.8 rnicrofls 

0.8 to 0.9 mícrons 

0.5 to 0.88 mícrons 

0.4 to 0.7 microns 

Pan X black and white film 

Pan X black and white fiim 

Black and white lnfrared filrr  

Biack and white infrared filrn 

Color infrared 

Color Hi-Res 
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The spectral band covered by mission S-190 in general corresponds 

to the spectrum coverage designed for multispectral scanners and 

°Return Beam Vidicon" (RBV) of the ERTS. Similar sensors will be 

used in airplanes to pernilt the correlation of simultaneous ob-

servations of the "SKYLAB°, ERTS, aerial and terrestrial. 

ii) Multispectral Scanner (S-192) 

This sensor will provide radiation values in severa] spectral 

bands through scanners with angle of 100  to produce strips 	of 

78 km. Each strip will have an instantaneous field of view 	of 

80 m2 . The spectral bands are approximate]y: 

0.410 to 0.460 microns 

0.460 to 0.510 microns 

0.520 to 0.556 inicrons 

0.565 to 0.609 rriicrons 

0.620 to 0.670 microns 

0.680 to 0.762 microns 

0.783 to 0.888 microns 

0.980 to 1.080 microns 

1.090 to 1.190 microns 

10)1.200 to 1.300 microns 

1.550 to 1.750 rnicrons 

12.100 to 2.350 microns 

10.200 to 12.500 rnicrons 

iii) The set of cameras considered for the "SKYLAB" consists of a 

modlfied camera Hycon KA-74. This equipment has a lens with 

focal distance of 18 miles ilong and produces images of, 

4.1/2 x 4.1/2 inches in film rolls of 5 inches width. The equij 

ment was qualified for use in manned sateliltes but, although 

it mlght be used for vertical and oblique photos, it is not 	a 

mapping camera. 
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The equipment being considered for the possible future 

fllghts of the "SKYLAB" II or III includes a carnera for ground niapping 

with a focal length of 12 inches, with film fonnat of 9 x 14.112 inches, 

for whlch lenses giving adequate aperture inay be obtained: a camera of 

stellar altitude wlth focal length of 6 inches using 70 m film, a laser 

altimeter and a cara of focal le,htof 12 inches with film forinat of 

9 x 18 inches. A panoraniic camera of the lunar program rnay be used, too. 

This camera has lenses focal length of 24 inches, 1080 for scanning, 

casement of 4.112 x 45 inches, aperture F3.5 and is capable of producing 

1.650 exposures. 	It is considered that photos from this caniera would 

give details of niapping in the scale of 1:50.000 and 1:25.000. Copiers 

of rectification and transforination which duplicate essentially Um geo 

metry of the adopted system are being developed. 


